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Diesel economy—born of high pressures and 
high temperatures—cruelly tests engine mate- 
rials. To foresee the useful life of a Diesel, 
look at its stout heart and bones and sinews. 

Your safe guide, and safeguard, is lib- 
eral use of Nickel alloy steels in all vital 
parts. As is the practice of three leading 
makers whose Diesel units are pictured 
on this page. 

Look, too, at this chart which lists 
25 Diesel parts and the particular 
Nickel alloy steels recommended 
to serve best in these highly , 
stressed units. Nickel steels re- g : ‘ 
tain strength at high tempera- CENTRAL STATION 
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Geers, timing gears sistance 


STREAMLINER | SERVICE | steers | 

Seiya, otaait stan ais PART REQUIREMENTS } RECOM. | TREATMENT 
Dp. Die or pa: | | MENDED | 

enger train service. oe 5 eS ae, See 

Diesel Division of Gen- Crankshafts Strength, toughness, good | SAE 4340 Quenched and 

eral Motors Corp., fatigue resistance SAE 3240 tempered 

Cleveland, Ohio, ha -. — wanes = 5 —— i 

“ : d "Niche ] pe Penpeg Crankshaft pinions, cam-sheft | Strength with high weer re SAE 3250 Quenched and 
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stee for nears, 














Camshafts | Wear resistant surface, tough | SAE 9315 Casehardened 
core SAE 4615 

| | SAE 3115 
Connecting rods, piston rods, | Strength, high toughness and | SAE 2330 Quen j and 
crossheeds, exhaust valve stems | ductility | tempe 
Frame bolts, tie rods, stay bolts, | Strength, high toughness end | SAE 2330 Quenched end 
cornecting rod bolts, cylinder | ductility SAE 3130 tempe 
heed ctuds, etc. 














Cams, integral, cam rollers High weer resistance with SAE 3312 Casehardened 
fuel oil pump plunger, valve | strong and tough core 
plunaer, valve barrels | 











Fuel oil pump lever High wear resistance with | SAE 3215 | Casehe ened 
strong and tough core | | 
ae ~ — - - : 
« Push rods | High compressive strength | SAE 2345 | Quen J and 
dé | and toughness | | tempe 
ome Valve rockers Strength, high toughness end | SAE 4340 | Quer and 
Buctilite | SAE 9330 | temps 
Intake valves Moderate strength, resistance SAE 3140 Quen J and 
to wear end deformation tempe 
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treatm 


Exhaust valves, seats | Resistance to elevated tem 
| peratures and to corrosion 
from exhaust gases 
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What's Coming—The problem of aluminum 
cold pressings versus aluminum hot pressings 
involves a number of fundamental facts that 
must be considered when deciding which to 
use. The lead article in September Product 
Engineering will cover this subject thoroughly 
including the properties of the materials and 
the advantages of each of the two types of 
construction. 


Other general articles that will appear in 
September P.E. will include the concluding 
part of Mr. Cudhea’s article on the design of 
thin sheet stainless steel members. the design 
of cams made of plastics, the use of rubber 
molds for casting of small metal parts and the 
concluding article of the series on chemical 
coloring by Dr. Young. 


In the Modern Designs department the fea- 
ture presentation will be the details of the 
electric drives and controls on a new design 
of grinder. 


Cover Picture—Take-off of one of the six 
74-passenger Boeing 314 Pan-American Clip- 
pers, off to Europe on one of the June 
inaugural flights that made = passenger air- 
service to Europe an established fact. 
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Worth Less Than Nothing 


THE JOB of every purchasing agent is primarily 
to buy the cheapest thing that will serve the pur- 
pose. Good enough is as good as perfect and the 
extra cost of unnecessary quality is wasted money. 
It is the responsibility of the engineering depart- 
ment to specify the materials or parts required so 
that the purchasing agent might be able to pass 
judgment on the materials offered by the com- 
peting vendors. Unfortunately, it is often impos- 
sible, or at least impractical, to write into the 
specifications all of the properties required of the 
parts or materials to be purchased. 

When only one or a few vendors have the nec- 
essary quality of material to offer, the engineering 
department specifies in the bill of material the 
name or names of makes or manufacturers.  Pur- 
chasing agents usually don’t like this. It hampers 
them and they often feel that the restrictions im- 
posed are needless. [If under such conditions the 
prices quoted are “out of line” the purchasing 
agent will ask the engineering department to 
This is 


good business if the engineering department does 


approve bids from other manufacturers. 


not hecome over zealous in its desire to cooperate 
with the purchasing department. 
\linor design details play an important part, but 


because they are minor, they are often neglected. 


\n engineer had = specified a certain make ot 
adiesive for fastening felt pads. The purchasing 
agent found he could get a competing make for 


than half the price. The saving of about 50 
- a pound was a strong argument and_ the 
env ineering department approved the lower price 
ad esive, a sample of which showed high adhesive 


st agth. The fact that less than a quarter of 


a cents worth was used on a unit was ignored. 

Customers did not complain and it was not until 
salesmen in the field reported that the pads were 
falling off, apparently because of the action of 
oil on the adhesive, that the company found out 
that the saving of a fraction of a cent on their 
thousand dollar product was costing them customer 
good-will. 

It would be stupid to ignore the availability of 
lower cost materials. But it is more stupid to 
accept them without first subjecting them to rigid 
If the 
possible net savings could not cover the costs of 


making such tests, no attempt should be made to 


tests both in the laboratory and in service. 


substitute for the higher cost material of known 
quality. 

This same procedure should be followed in the 
selection of material used for the first time in 
which case greatest dependence must be placed on 
laboratory tests. Reliable manufacturers publish 
dependable test data for many of the properties 
of their materials. For tests for special require- 
ments, the engineering department, even in’ the 
smaller plants. should have available simple. test- 
ing equipment. For determinations requiring 
more expensive and elaborate equipment, the serv- 
ices of commercial testing laboratories should be 
obtained, 

All of the material that goes into a product is 
put in it to perform a definite service. Therefore. 
it is service that is being purchased, and if the 
material purchased is not capable of rendering 
the service required, it has a negative value. It 
is worth less than nothing because it does damage 


instead of rendering service. 

















DIE-CASTINGS OR PLASTICS 


Design Advantages and Relative Costs 


IFFICULTIES beset any generali- 

zation in comparing die-cast with 

plastic-molded parts. because so 
many diverse considerations enter. There 
are numerous types of material for both 
classes of parts. These types vary greatly 
in cost and have wide differences in 
physical properties. Although some gen- 
eralizations are here made. it should be 
understood that certain exceptions are 
to be found. The properties listed in 
Table | should prove helpful in making 
a choice between die-castings and plastic- 
moldings, but more specific comparisons 
are often necessary. 


MATERIALS AVAILABLE, Most plastics of 
a given type are available in numerous 
grades and many colors. In die-castings. 
there are usually two or three alloys of 
each base metal which are employed 
for all but exceptional uses. To simplify 
the discussion, comparisons here made 
are confined, except where otherwise 
stated to the most widely used materials. 
These are zine alloy for die-castings and 
phenolic plastic for moldings which, in 


HERBERT CHASE 


each category, usually rank lowest in 
cost per piece, and high in most. signifi- 
cant properties. 

Cold-molded bituminous plastics cost 
least per pound. They have some excel- 
lent properties and are very rapidly 
molded. But their strength is low. their 
finish not as good as o.her plastics, their 
gravity high and they have to be baked 
subsequent to molding. 

The ureas, like the phenolics, harden 
permanently when molded, and are sim- 
ilar in many properties. They cost more 
and are used chiefly in white or where 
light tints and translucency are desired. 
Rubber and the little used soya and 
shellac plastics are not considered here. 
All the remaining plastics of significance 
are classed as thermoplastics which 
harden on cooling but are softened again 
if heated to or near the molding 
temperature. 
much 
more important since the advent of in- 


Thermoplastics have become 


jection molding but their cost per pound 
ranges from about 30 cents minimum 


(for black) up to a dollar or more for 





light translucent or transparent forms 
Thermoplastics are used chiefly (a) t 
gain special color effects, transparenc) 
or translucency or (6) where injectior 
molding results in economy in molding 
cost, or where both (a) and (6) apply 
Cellulose acetate, except for shellac and 
perhaps rubber, is the cheapest therme 
plastic employed for molding and _ ha: 
gained widest use, especially for inje 
tion molding. Cellulose nitrate, which ! 
similar in appearance, and in some othe! 


respects sells for about the same ot! 
a slightly higher price and enjoys abou! 
an equal or greater sale, is not suited 
for injection molding and is used chiefl 
in sheets. rods and tubes, some of whic! 
are cut into blanks for compressi0! 
molding. 

Zine alloys rank first in commercl 
importance, aluminum alloys second am 
copper alloys (brass) third. In cost p 
casting. usually the same order ipplies 
with zinc lowest. Magnesium alioys 4 
relatively new in die-cast form (jut al 


growing in importance. Lead ind t! 
alloys. being less strong in jysicd 
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Table I—Comparison of Advantages and Limitations 


of Die-Cast and Molded-Plastie Parts 





MATERIALS AVAILABLE 


SPECIFIC GR AVITY 


STRENGTH 


ErFECT OF HEAT 


Heat CONDUCTION 


ELECTRICAL PROPERTIES 


MALLEABILITY 


LIGHT TRANSMISSION 


SMOOTHNESS OF 
SURFACE 
COMPLEXITY OF FORM 


VARIATIONS IN SECTION 


THICKNESS 


DIMENSIONAL ACCURACY 


APPEARANCE 


APPLIED FINISHES 


COST OF 
MOLDS 


HES AND 


PRODUCTION RATE 


Cost per tn.. (Materials 


only ) 


Cost per piece (No ap- 
plied sh) 


Die-Castings 
Two or more alloys of each of 
following base metals: zine, 
aluminum. lead, copper. mag- 
nesium, and tin 


1.83 (magnesium) to 10.65 


(lead) 


including 
bending 


superior 
compressive, 


Generally 
tensile. 
and impact 


Generally of no significance up 
to 300 deg. F. for zine and up 
to higher temperatures for alu 
minum and Lower for 
lead and tin 


brass. 


High 


All ( onductors 


(Good to poor 


All opaque 


Can equal moldings in’ some 
allovs- often not as good, but 


suitable for applied finish 


Often extreme and more com- 
plex than feasible with plastics 


Nearly unlimited, ranging from 
about 0.015 in. to almost any 
desired max. in important al 
loys even in same casting 


Generally better than moldings, 
plus or minus 0.001 to 0.003 in. 
per in. are commercial toler- 
ances 


Most shapes and details on par 
with molding. 
(as cast) not. as 
moldings 


Color and gloss 


good as 


Wide range available, includ- 
ing plating and organic both 
baked and air dried. No finish 
needed on large proportion of 
mechanical parts where ap- 
pearance is not a factor 


Likely to be 


lower 


Usually much higher especially 
as compared with compression 
moldings 


8', c¢. for zine alloy to about 
30 c. for magnesium, and about 
10 c. for tin 


Often lower, but some excep- 
tions depending in part on cost 
of materials compared and 


section thickness used 


Small and usually negligible 


Likely to be lower but fin re 
moval often costs more 


Volded-Plastics 


Various types of acrylic. bitu 


minous. cellulose acetate, ethyl 
cellulose, phenolic, shellac. 
sova. styrene, urea and vinyl 


materials 


1.05 ‘aervlic) to 2.09 mineral 
filled (phenolic) 


Generally not as strong for 


equal sections but sometimes 
superior on an equal weight 
basis 


Distortion from 120 deg. F. up 
ward and softening from 140 
deg. F. upward for thermoplas 
tics. Most others distort or dis 
color from 160 to 240 deg. F. 
Some usable to about 450 deg. 
F. maximum 


advantage In some 
applications) 


| ow (an 


Al] diele¢ trics 


Usually nil at 
ture 


room tempera 


Cheaper materials 
others opaque, 


transparent 


opaque, 
translucent or 


Usually excellent 


Often complex but coring more 
limited than with die-castings 


Can vary widely as between 
different moldings but varia 
tion is often limited in a single 
molding 


Not as good as die-castings: 
will sometimes warp, plus or 
minus 0.005 in. in 1 in. are 


commercial tolerances 


Superior in color, gloss, trans 
parent and translucent. effects. 
On par in shape and details 


Many 


required. 
needed 


Usually none 
available — if 


Likely to be higher and to in- 
volve higher maintenance costs 


Usually much lower for com 
pression moldings and consid- 
erably lower also for injection 
molding 


Cold molded, general purpose 
phenolic, 12 ¢. min. Other plas 
tics vary from about 16 ¢. to 
$1.00 or more per Ib. 


Sometimes lower. but often 
higher. but the difference is 
frequently offset by savings in 
finishing cast when die-casting 
compared requires an applied 
finish 


Often considerable 


Likely to be greater when re 
quired but may be offset by 
lower cost of fin removal 
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properties. are confined in use chiefly 
to special applications in which certain 
corrosion 


types of resistance are pri 


mary requisites, 


SPECIFIC) GRAVITY of magnesium alloys 
is lower than that of the heaviest plas 
tics. and that of aluminum about or on 
a par therewith. but the bulk (perhaps 
90 per cent) of all 
lighter than any die-cast alloys. For this 
light 


plastics deserve consideration. 


plastics used are 


reason. where weight is essential, 


TENSILE STRENGTH, only the unimportant 
lead and tin die-casting alloys are be 
low 32.000 Ib. per sq.in.. whereas 13.000 
Ib. per sq.in. is about the maximum for 
a molded plastic. and the majority range 
around 6.000 Ib. per sq.in. As compared 
to this the zine alloys range from 43,000 
to 48.000 Ib. per sq.in.. the aluminum 
alloys from 29.000 to 36.000 Ib. per sq.in., 
the magnesium 30.000 to 
33.000) Ib. pen 55.000 
to 95.000 Ib. per sq.in. for brass alloys. 


alloys from 


sq.in. and from 


COMPRESSIVE STRENGTH, 36,000) Ib. pet 
sq.in. is a maximum for molded _ plastics 
and 18.000 Ib. per sq.in. is quite common. 
This compares with 60.000 to 93,000 Ib. 
per sq.in. for die-cast zine alloys. Cop- 
much 
higher and other alloys lower than the 


zine alloys in 


per-base alloys doubtless run 


compressive — strength, 
although specific data are lacking. 

IMPACT STRENGTH. strictly comparable 
data are lacking but 2.4 ft.-lb. Izod and 
3.1 ft.-lb. Charpy 
notched bars are the highest authorita- 
tive figures the author has been able to 
find for any little used 
One ft.-lb. Izod is 
uncommonly high for most of the plastics 


both on Y% x Y% in. 


except certain 
rubber-base plastics. 


that are used in large quantities. Die- 
castings. on the other hand, show Charpy 
impact figures for 44 x 14 in. unnotched 
specimens of about 2.5 ft.-lb. average for 
aluminum. about 18 ft.-lb. for zine and 
over 36 ft.-lb. for brass. In other words, 
plastics generally are much more brittle 
brass 
which are not only 


than die-castings. the zine and 


alloys especially. 


tough but malleable. 


HEAT EFFECTS are not often of signifi- 


cance with die-castings but sometimes 


have to be given consideration. Thus, 


zine alloys are not recommended for 
prolonged use above 250 deg. F. Alu- 
minum alloys withstand prolonged use 
at temperatures up to 600 deg. F. Some 


alloys usually classified under “brass,” 


such as aluminum bronze. can be used 
safely under 
900 deg. F.. 


idize and scale at this temperature. In 


certain conditions up to 


whereas other brasses ox 
some alloys used for die casting, ele- 
vated temperatures affect physical prop- 
erties. such as creep and hardness, hence 

























































it is best to investigate each alloy con- 
sidered before making a selection for an 
application in which elevated tempera- 
tures are encountered. As to plastics, 
certain phenolic types can withstand, 
at least temporarily, temperatures up to 
100 or 450 deg. F.. but charring results 
if the temperature is much above this 
and warpage of phenolic-moldings often 
occurs at or below 240 deg. F. The maxi- 
mum continuous temperature considered 
allowable for urea moldings is 160 deg. 
F. and even this may result in warpage. 
especially if the heating is localized. For 
thermoplastics, 140 deg. F. is usually the 
maximum allowable and the figure may 
be lower, as softening usually starts at 
about this temperature and distortion 
sometimes occurs at 120 deg. F. Being 
poor conductors of heat, plastics are 
pleasant to touch and make good handles 
within allowable temperatures. 


ELECTRICAL PROPERTIES favor the die- 
casting when a conductor is required, 
and plastics when a dielectric is needed. 





Bottom covers for radio tuning de- 


vice. Overall dimensions are about 
5! gx6lgxlt4 in. Average section thick- 
ness is about 0.040 in. For part die cast 
in zine alloy. the total cost of die and 
tools for flash removal was $918 (die 
only cost $730). Cost of eastings in lots 
of 25,000. 11 c. per piece. The die has 
a single cavity and required 5 weeks to 
make. Castings are produced at the rate 
of about 125 per hr. No finish is_ re- 
quired. The piece weighs isk 2, To 
secure some transparent samples in cel 
lulose acetate for demonstration = pur 
poses only. the same die used for the 
die-casting was polished at an added 
cost of $80 (40 hr. work) and was used 
in an injection molding machine to turn 
out between 500 and 1.000) moldings. 
The latter cost 13. ¢. each (or were 
figured to cost this amount in larger lots) 
with production at the rate of 74 per hr. 


The molding. which is a duplicate of the 


Under certain conditions, either may be 
used as an insert around which the other 
is molded or cast. 


MALLEABILITY, which is absent in molded 
plastics (unless the temperature be 
raised to the softening point, in thermo- 
plastics) is found in all die-castings. 


Creep. While no comparative data are 
available on the various die-cast mate- 
rials under discussion, it can be said, in 
general (1) that more consideration must 
be given to this factor in the case of 
the thermoplastics than for any of the 
other materials, (2) that creep is a fae- 
tor limiting the use of lead and tin die- 
castings and that sometimes, particu- 
larly where elevated temperatures are 
to be encountered, it must be taken into 
consideration in designing zinc alloy 
die-cast parts where the support of high 
continuous loads is a primary factor. 


LIGHT TRANSMISSION is) an important 
consideration in) some applications of 


die-casting except for the greater shrink- 
age. weighs 1.44 oz. Purchaser states 
that the molded part was not considered 
for production because it Is sensitive to 
changes in temperature and humidity 
and is too soft. Moreover. a metallic 
housing was required” for shielding 
against motor noise. The die-casting was 
selected for production rather than the 
molding because of the simpler assembly 
which was made possible by including 
several bosses and ribs to support parts 
of the mechanism. Use of parts of trans- 
parent cellulose acetate make it possible 
to see parts within the housing without 
removing the cover. With polishing (es- 
sential for a transparent molded part) 
the added cost for the die only is $80 o1 
an increase of about 1] per cent over 
that for the die-casting die only, but had 
it been desirable to use plastic in produc 
tion some saving on cleaning tools might 


have resulted. 


plastics and, for some materials, is said 
to be superior to glass. This pro: erty 
permits of certain uses of plastic — jn 
lighting and optical effects for which die 
castings are not applicable. 


SURFACE SMOOTHNESS, especially it 
affects finishing cost, is a primary con 
sideration in some parts and of little or 
no significance in others. Flow marks, 
draw marks and other surface imperfect. 
tions sometimes occur on both types of 
part. Molded plastics often show what is 
termed “orange peel.” a slight” irregu- 
larity in the surface. and die-castings 
often have a “splattered” look and slight 
surface pores. but in both these effects 
can be avoided by proper die construe 
tion and care in molding and _ casting, 
respectively. 


COMPLEXITY OF FORM not to be dupli- 
cated by other rapid production processes 
is characteristic of many die-cast and 
molded-plastic products but the complex 
side coring. often done at several odd 





Housing. over-all dimensions about 
Doxslo in. Average section thickness 

in. For part die cast in zine alloy 
the total cost of die and tools for flash 
removal was $960. Cost of casting in lots 
of 25.000. 14 e. each (without applied 
finish). Single-cavity die required 9 
weeks to complete. Casting production 
175 per hr. Cost of plating in chromium. 
30 c. each. Weight of casting. 14 0 
Same piece figured for production 1 
urea plastic: Cost of single-cavits mold 
$1.025: cost of molding in lots of 25.000 
28 c. each. Five weeks required to make 
mold. Rate of molding is given a LO te 


590 per hr.. which is probably an erro! 
as urea moldings of this size are sé! 
dom produced in a evele of less an 
min. No applied finish required. \dval 
tages cited for die-casting are: ‘mp0! 


tant dimensions held within 0.0005  1n 
any tvpe ot finish can he applied poul 
95 per cent less breakage in tran -i! 
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angles in die-castings, has yet to be 
matched in molded-plastics, although 
some simple and relatively shallow side 
coring is done. With the advance of in- 
jection molding, more complex coring is 
being done and the molder may yet pro- 
duce parts as complex as those made by 
die casting. 


VARIATION IN SECTION THICKNESS. In die- 
castings very abrupt changes in section 
are permissible but some slight filleting 
is necessary for strength, as in other 
materials. Sudden variations in section 
are more likely to give trouble in the 
molded part, especially when the latter 
is in a thermosetting plastic, as thin 
sections may be overcured if the thick 
ones are cured fully: or. if the thin 
sections be properly cured, thick ones 
may be left hard on the surface and 
pithy below the surface. Cracking and 
or distortion is likely to occur in mold- 
ings with thick and thin sections because 
the heavy sections tend to shrink more 
than the thinner ones. 

Section thickness of parts designed 
for the same service and thus (ideally. 
at least) of equal strength. can be less 
with the die-casting than with the molded- 


plastic, because the die-casting is much 
stronger. section for section. This gives 
more space inside a hollow part having 
the same outside dimensions. It does not 
follow that the molding. if made with 
thicker walls to give equal strength will 
necessarily be heavier, as the lower spe- 
cific gravity of the plastic may more 
than offset the added thickness. Also. a 
thicker wall may yield added stiffness 
which may be advantageous. Much de- 
pends, however. on which plastic is com 
pared with which die-casting alloy. 

DIMENSIONAL ACCURACY tends to favor 
the die-casting, partly because the 
molded part undergoes more shrinkage 
after removal from the mold. It is neces- 
sary to cool some moldings over forms 
or in clamps to avoid warpage and to 
minimize dimensional changes. a practice 
not required with die-castings. Commer- 
cial tolerances on ordinary phenolic and 
urea plastic-moldings are plus or minus 
0.005 in. on dimensions of Y% to 1 in. 


measured parallel to the mold-parting 
and double this at right angles to the 
parting. With acetates. about 20° per 
cent greater tolerances are allowed. In 
die-castings. the 


tolerances as deter- 





Vover for thermostat die cast in zinc 
alloy and also molded in black phenolic 
plastic. These parts are not identical in 
design 
all dimensions are approximately 4°4x 
184x] in. Section thickness for die- 


fasting averages approximately 0.045 in. 
and fo 
In. To 


ut are about the same size. Over- 


the molding approximately 0.075 
cost of die (single cavity) for 
Castine and cleaning tools was $825. 
Which neluded engraving to provide 
thermoveter scale markings not pro- 


vided the mold. Moldings therefore 
require addition of separate scale plate 
which ~~ not needed in the die-castings. 
Total ot of two-cavity mold for plastic 
Was $6 5. Each required six weeks to 
Augus 1939 


make. Total number of parts estimated 
was 25.000 for each material. In lots of 
2.500. the piece price was 8.9 c¢. for the 
die-casting and 12.99 ¢. for the molded 
part. The die-casting weighs 414 oz. and 
the molded cover 1%4 0z. Approximate 
number of parts die cast per hr. was 
175: the rate for molding production was 
not given. Both die cast and molded parts 
were sprayed with lacquer. the die-cast- 
ing receiving three coats at a cost of 
3.5 ¢. per piece and the molding two 
coats at a cost of 2.6 ec. per piece. Ad- 
vantages cited for the die-castings are 
greater strength and lower cost: for the 
molded parts. dielectric qualities and 
lighter weight. 
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mined by fixed dimensions of the die. 
are plus or minus 0.001 in. per in. tor 
zinc, tin and lead alloys. plus or minus 
0.002 in. per in. for aluminum alloys 
and plus or minus 0.003 in. per in. tor 
brass. As with plastics, dimensions meas 
ured across the die-parting or as be 
tween parts of the die having relative 
motion require a greater tolerance than 
those determined by fixed portions of 
the die. but in all instances (as the fig 
ures given show) the die-casting toler 
ances are closer than those for molded 
parts. Significant dimensional changes 
often occur in molded parts (other than 
normal expansion and contraction with 
changes in temperature) whereas, with 
modern die-casting alloys, such changes 
are nearly always negligible. 


FINISHING COsT usually tends to favor the 
molded-plastic since, as a rule, being 
already in the desired color, with a 
natural finish which is highly resistant 
to corrosion and possessed of requisite 
luster it needs no applied finish. This is 
important. as finishing costs on a die- 
casting sometimes equal or exceed the 
cost of the casting itself. If. as some- 
times happens. the part must be given 





Display stand die cast in zine alloy. 
Over-all size about 9ox9Vox11 in. Piece 


o°4 |b. approximate 
thickness is 0.075 in. Total cost of die 


weighs section 
and fin removing tools. $3.250. Cost in 
lots of 10.000, 83%4 c¢. per piece. Ap- 
proximate time required to finish single 
cavity die was 5 weeks. Finish. black 
enamel, cost not given. When figured for 
production in phenolic plastic, the esti- 
mated cost of a single-cavity mold was 
$4.000 and cost per piece in lots of 
10,000 was 9514 c. Reason for using die- 
casting is that molding production would 
have been too slow, unless more than 
one mold had been provided, 

would make mold cost prohibitive. 


which 
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die- 


an organic finish. whether it is a 
casting or a molded-plastic. finishing cost 
is then about on a_ par. 

\PPEARANCE, as related to parts coming 
from die or mold. and without applied 
finish, tends to favor the molding. espe- 
cially on the score of color. Smoothness 
and detail as to shape. in general. are on 
a par. Besides color, the molded plastic 
can be produced in mottled effects and 
different of 
translucency sometimes giving it a fur- 
ther 


degrees transparency = ot! 


advantage in appearance. 


CORROSION RESISTANCE and freedom from 


chemical attack are exceptionally high 
in plastics as they are generally inert 
chemically. Practically all are affected 


little. if any, by mild acids and alkalis. 
and some resist strong alkalis and acids. 
Acids and alkalis attack 
ing alloys. 


most die-cast- 


Cost OF DIES AND MOLDs is generally 


the die-casting than the 
plastic-molding and is almost certainly 


lower for for 
so on a basis of equal rates of production. 
Where the materials the dies 


machine with equal ease. the cost of 


used for 
sinking identical cavities for die casting 
and molding. respectively. is equal. But. 
where large production is involved. the 
mold or plastic will require more cavi- 
ties, with correspondingly higher cost. 
the molding cycle is much 
longer than the die casting cycle. For 


because 


point, dies do not have to be hardened 
(although they are sometimes hardened 
for long-run work). whereas molding 
dies usually require hardening to resist 
abrasive action. Hardening increases 
cost. as warping may result and polish- 
ing is then usually necessary. 

Molding dies. in general. also have to 
be heavier than those for die casting, as 
high localized sometimes 


pressures are 


encountered especially in) compression 
molding and the pressures applied are 
higher than in most die casting. It is 
frequently necessary to spend more time 
than is 


Finally. in die 


in polishing  plastic-molds re- 
quired in casting-dies. 
casting, it is often feasible to use combi- 
nation dies to form several differently 
shaped parts of different sizes simultane- 
ously, and also to employ so-called “unit” 
dies with individual cavity blocks quickly 
replaceable. These economy expedients 
are not feasible in compression molding 
and are less applicable. if feasible at all. 
in injection molding. 

PRODUCTION RATES are almost always 
higher in die casting than in molding. 
Casting cycles range from about 4 sec. 
for small parts on automatic machines up 
to about one minute for large parts such 
grilles. 


Compression molding cycles have. in cer- 


as one-piece motorcar radiator 
tain extreme cases of small parts. using 
preheated material. been reduced to as 
little as 18 sec.. but a one-minute cycle is 
exceptionally fast and cycle time ranges 


average perhaps 3 min. In in ction 
molding. a higher rate of produc ion js 
attained. but the cycle is seldom ; short 
as 10 see. and runs up to at le one 
minute for the larger molded part- whieh 
are at present limited to a maxinovim of 
about 2 lb. in weight. 

The slower cycle in molding jecessj 
tates (for a given rate) more or larger 
machines. or both. and a highe labor 
charge per piece. An exception to this 
rule is found in a few small moldings 
such as bottle caps. which can he pro 
duced in large molds having as many as 
150 to 200 cavities. For such pieces th 
cycle is short (for compression molding 
and the large number of parts per cych 
yields a high rate not duplicated in di: 


casting, where the number of cavities per 
die is more limited. The foregoing con 
ments do not take into consideration th: 
process of cold molding which. thoug! 
quite rapid, is rather limited in  scop 
and necessitates baking subsequent 1 
molding. 


flash 


which must follow molding and casting 


Operations. such = as removal 
have a bearing on the rate of producing 
finished pieces. Flash is usually thinne 
on the molded part and usually may by 


more easily and rapidly removed than th 


flash of die-castings. But any work 
which requires machining. such as th 
common operation of tapping. is likely 


to be more difheult and more costly ot 
moldings than on die-castings. 
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DIE-CASTING MOLDED PLASTIC 
—, 
Hollow casings }oth of which are ance. Advantages for the molded form are greater strength and a higher | 
used over electrical parts. The molded are: lower cost (see Table IL). more duction rate. These die-casting- red! 
form has the advantage of being a di- enduring finish and decreased shipping an applied finish which. however. 


electric and of being better in appeal 


weight. Advantages for 


the die-castings 


counts only in part for their hig ier | 


PropuctT ENGIN &ER 





mold 
genel 
erage 
years 


dolla: 


Impe 
7.000 
whic 
ight 
part « 





report 
and tl 
ower 
accele 
whist] 
peller 


Impe 
precec 
railwa 
produc 
molde 
other 

Cost | 
rach « 
Corres: 
parts 

cavitie 
third t 
Molds 
llonate 
reason 
mold 

somew 
luced 
nds, ay 
the tw 
les 
aVitle 
shape, 
Oompa 
hem 

I the . 
ton. | 
ne lud 
where; 
holdin 


‘Rs dJ 


Lugu 






































325 
ction moldir 2 materials in common use are the loys range upward to about 30 c. per lb. of parts are well suited for many forms 
on is general-purpose phenolics which have av- for magnesium to about 40 c. per Ib. of housings and for various decorative 
short eraged about 12 c. per Ib. for several for tin. applications in which appearance is a 

one years. Other plastics range upward to a primary consideration. Where either can 
whieh dollar or more per pound. Zine alloys GENERAL CONCLUSIONS are necessarily be used. the engineer should weigh the 
m of are the lowest cost materials for die cast- subject to the many qualifications covered relative advantages and disadvantages. 
ing general use, the price having in the foregoing paragraphs. It may be compare costs and then use his best judg 
Cess| averaged approximately 844 c. per Ib. said, however. that both types of product ment as to which type of part best meets 
larger for several years. Other die-casting al- possess remarkable utility. Both types requirements. 
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asting 
ducing : , , sl : ; , ; , . 
thi Impellers for toy train whistle turns at only 0.025 in. max. in thickness. they (which has the full 1.412 in. diameter 
linner Be , ; ‘ ' 
000 r.p.m.. hence any lack of balance are still thinner near the hub and have of the blades and is 0.040 in. thick) to 
may b ; Se . ae a gee 
baci which appears to have resulted from a web only ,; in. in diameter adjacent a thickness of 0.030 in. This greatet 
lan tht ° ° ° . ° ° . “mr ° . 2 
sight porosity in the die-casting) in the to the hub. Some difficulty from bending thickness and complete support of the 
Wor ‘ ° . = ; : : tis . 
r part causes vibration. Better balance is of blades in handling the die-castings blades along one edge naturally yields 
as lt ° ° : ° _ . 5 ° 
likel reported in the plastic molded impeller is reported. Advantages named in favor a stiffer impeller. doubtless contribut- 
: el\ . . 4 r , a i . . 
r and this together with lower weight and of the die-cast form are a higher pro- ing to lessened vibration. Despite the 
mstIV ol ‘ < oe . ° a ‘ ‘ : ; ° 
ower inertia (permitting of more rapid duction rate and greater ease in making greater thickness. the molded impeller 
icceleration and of short blasts from the a press fit on the shaft. The molded im- weighs about half as much as the die- 
; whistle) are important advantages. Im- peller has blades which taper from 0.050 cast one (see Table Il). and costs about 
rst COs Xe ° . ne — 
peller blades in the die-cast form are in. where they join the web or shroud one-fifth as much. 
ATT 
Impellers and casings shown in the 
foes J preceding drawings are for toy or model Table II—Cost and Production Data 
railway use and have been in quantity 
production in both die-cast and plastic- NAME OF Part WuistLeE IMPELLER HoLLow CAsiInG 
- 0.035 molded form. Table II gives costs and 
other data concerning these parts. The : Bakelite Bakelite 
ort N ai an die. - criall ¥ a Zamak No. 6 Phenolic Zamak No. 6 Phenolic 
ved I pecce 16 Marersany stints . ‘< Material Used Zine Alloy Plastic Zine Alloy Plastic 
each of the molded parts than for the 
corresponding die-castings. For both Total cost of dies or molds and clean- 
bP ° . i S15 S15 $55 5235 
parts the molds and dies have single ing tools. . . $150 $150 3090 Pod) 
cavities and mold cost runs from  one- Beenie 
. th: : ; : : Number of cavities in die and mold. . | I I l 
R tird to one-half that for the casting die. 
Molds required about the same propor- : : on e- 29 ” 
oe ; sae ‘ Hours required to make die and mold 250 85 325 130 
ae lonately shorter time to build. Other 
reasons for this difference in die and Total number of pieces in cost esti- 
” mold cost are: Molds are apparently mates 125.000 125.000 30,000 30 000 
~mewhat smaller and have been pro- ; ; 
luced quite recently. by the latest meth- \pproximate number of pieces cast 
l hs : Ae and molded per hr 500 17 250 27 
‘ls, and involved hobbing of cavities on 
the two lerece nderee a oA = ; : _ 
No larger plece whereas the older Piece price (without applied finish), 


nS les had cut cavities in tool steel. As cents... 1.100 0 21] 779 ) 355 
Cavities are 





nearly the same size and 


‘ee ‘ape. it would appear that. on a strictly Type of finish applied none none Black —— 
id parable basis. the cost of sinking synthetic 
Jiew tem would be substantially the same sli ae a 
f the ae Cost of applied finish per piece, cents none none 0.57% none 
le sare methods were used in produc- 
OT tion. | ’ : . : 
. n > “OSs » ‘as y Ss = ia Pt 4 
no le cost of the casting die ! Potal cost per finished piece, cents( Not 
er] Neluded that of tools for trimming fins. including die or mold amortization 1 10 0.21] 5.350 1.355 
requ “lereas vo corresponding tools for the 
yever. nolding re required, since fins on mold- Weight per piece, ounces 0 23 0 136 1 00 1.03 
er | ‘ss are oomoved by tumbling. 
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Steel Lift Rod Replaces Boards 





Variable-stroke drop forging hammer developed by the 
Ajax Manufacturing Co. has the rigid steel lift rod taper-fitted 
in the ram. Transversely-mounted rolls have V-grooved rims of 
laminated friction material contacting rod on four sides. Trans- 
verse mounting permits increased roll diameter without over- 
hanging the frame. and gives a larger are of contact thus 


requiring lower unit pressures, and thereby reducing wear. 











Rolls are mounted on eecentries and are brought in and 
out of contact with rod through movement of the eccentric by 
means of a small air cylinder. Differential valve on the ait 
line to this cylinder. governed by treadle, controls height to 
which ram is raised before release. making possible blows of 
varied force. Accelerator cylinder connected to shop air line 
acts on ram at full stroke. giving quick acceleration or recoil 





Head frame is an open-hearth steel casting with the parting 
line at the roll eccentric bearings. making rolls and eccentric: 
easily accessible, should disassembly be required. Head tram 


base is a rigidly braced. box-frame steel casting. Head-fraime ¢a 
carries hinged motor bracket. eccentric closing eylindrr an 


return springs, V-grooved flywheel. Main and_ intern ediat 
pinions are completely inclosed in an integral housing 
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Lifting mechanism is driven by an in- 
dividual Reliance motor through multi- 
ple V-belts and an inclosed flywheel. 
Motor is mounted on spring cushioned 
plattorm. Only one horsepower per hun- 
dred Ib. of ram weight is required. be- 
cause of high lifting efficiency and low 


roll-slippage losses. 


Base of the hammer is cast from 
open hearth steel. and weighs twenty 
times ram weight. Double-angle seat 
pockets the sowblock against front to 
back movement. without use of dowels. 
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Ram is of forged steel, heat-treated 





after rough machining. Die = seat is 
grooved to customer's specifications. Ta- 
pered rod seat is located well below 
center of gravity. Steel in lift red is of 
piston-rod analysis, ground to an accu 
rate square. 


Cast steel columns are rigidly fixed 
to the steel base. Insert guides of special 
analysis. heat-treated forged steel are 
adjusted by positive-locking, calibrated 
wedges to obtain matching of the dies. 




















Modern Designs—Pre-Selects Spindle Speed on Turret Lathes 


58 


a di it 
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Pre-selector developed by Warner & 
Swasey engineers for selecting gear ra- 
tios for spindle drive on turret lathes 
has been designed to fit in place of the 
conventional head cover on the regular 


headstock. 


Cutting speed is indicated in surface ft. 


Same ratios are used. 


gear 


per min.. not in r.p.m. of spindle. By 


Speed selector mechanism has two 


drums which are rotated by the hand- 


wheel on the front end of the head. 
These 


lengths which position drums in thirteen 
axial 


drums have fingers of various 


possible combinations of relative 


turning a handwheel. gears can be 
set to cutting speed desired for the next 


pre- 


cut while machine is running. To change 
spindle speed, shifting only one lever 
throws out drive clutch and shifts gears: 
the drive spindle then runs at the r.p.m. 
that gives the desired ft. per min. cutting 


speed. No calculations are required. 


Terminal of rod to 
headstock... vertica/ 
movement of opera- 
ting lever causes 
longitudinal 

rocking action —» 


Geaor-shift 
SS 


Operating 
lever 


position which determine gear combina- 


tions. Handwheel which rotates drums 


is connected to monitor unit by means 
of a spur gear train and spiral 


gears. 
The gear shift levers are connected with 


additional levers that have projections 





Seales on monitor top indicate cutting 
speeds in ft. per min. for 28 work dian 


eters. Metal numerals on weighted bea 


chains are set to indicate sequence 0! 


cutting operations. Operator rotates 


handwheel until number indicating de 


sired speed appears opposite number 


indicating work diameter. 


Operating lever 
hall and 
socket joint 


latch engages notches 
in rear of gear-shift 
levers... geors can- 
not “creep” out of 
engagement 





which reach between the drums. The 
are so arranged that 


are brought together to position-~ as ¢ 


termined by length of the drum finge® 


the accompanying lever movement =! 
gears to proper positions. 
ERIM 
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Electrically-Controlled, Hydraulic-Feed Boring Machine 







Automatic 
retracting 
boring heads 





Hydraulic 
feed unit 
driving motor 
Hydraulic 
feed unit 
‘utting 
diam 
d heat 
nee ol 
rotates Push but aakweneln ta buttons start 
<< control oP Mgt x Bias ae Elem Op motors 


1umber 












































Push button control of motors and feed cycle is built into Automatic retracting heads are used on spindles to permit 
this vertical. hydraulic-feed. two spindle machine designed by boring of eylinders in which an interrupted cut occurs. Retrac- 
Moline Tool Company for finish boring engine cylinders. Bor- tion of cutting tools is controlled electrically. Boring heads 
ing spindles are of the extended-sleeve type. driven through retract only when solenoid-operated valve on hydraulic unit 
V-belts by separate motors. causes rapid reverse travel of the tools away from the work. 
‘ Stop feed 
= 
1¢ “ oo 
" ar 
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To mechanism /} 
for retracting 
boring heads 


O.L. SOS0H Transformer 
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ylindler Top 1 29 99 TT (12) 

bui'/t into + 7 0.L LSS RTR 

machine RTR RTF 

S/iai . 

‘ A f- __Solenords on 8 B a 

lj Aydraulic-” LSF 
Reed ie TRTR unit valve SRIF Start Stop rT 4 
a rvy 
| Gr) ; > poe Feed 
Foot it ee Stork gg " 
va/ye . S op : 
2) 3 S —elo— > Oo——4 
P 
©) | tt RTF RTR 
Thes X J a . 
drum: 
8 ‘ . . . . m 
nate Single push button station controls trols feed cycle: one button initiates an ically thrown in. (2) travel at feed rate 
t shift _— *. One group starts and stops automatic cycle. the other three (1) from any point above position where 
spindle tors and the hydraulic-feed rapid-reverse traverse from any point limit switches automatically throw’ in 
mit dri * motor. The other group con- above position where feed is automat- feed. and (3) stop travel at anv point. 


erie F August. 1939 














330 





Modern Designs —585 Twin Light Projectors in Fair's Color Sympheny 


Pulsing jets of water, 
by changing colored lights synchronized 
with music, form a color symphony in 
the Lagoon of Nations at the New York 


illuminated 





585 specially developed light projectors 
submerged in the lagoon. Designed by 
Westinghouse. the projectors house a 
1.500 watt incandescent lamp and a 400 








World’s Fair. Illumination is provided by watt high intensity mercury lamp. and 
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two rotating color wheels: the Mazda 
lamps provide red and amber rays, the 
mercury lamps a rich blue light. The 
mercury lamp has an output of 18.000 
lumens, the Mazda 37.950 lumens 


Each color drum is driven by a 1/19 
hp. synchronous motor with a_ built-in 
speed reducer: combination of speed re 
ducer and large ring gear produces a 
drum speed of one r.p.m. Color drums 
motors and auxiliary apparatus are 
mounted in a watertight sheet steel hous 
ing. Panels in the housing cover are 0! 
special heat-treated glass. With 1.170 
color drums in operation simultaneously. 
exact control of motors is necessary. Te 
prevent coasting when a.c. supply is 
disconnected. the motors are stopped 
abruptly by 60 volts d.c. across their 
terminals. To insure identical position 


of all drums at the beginning of each 
show. each color-wheel motor has a re 


svnehronizinge limit switeh and relay. 


Relay operating coil is designed [0 
operation on d.c. Each color drum 3s 
equipped with a cam that operates th 


limit switch. To synchronize, the d.c. el 
cuit is energized, the cam closes the limt 
switch and supplies d.c. to the relay 
operating coil. As the coil is energized 
the three-phase a.c. supply is «discon 


nected and d.c. is applied to the moto! 
windings for braking. After synchro! 
ization. the color drums are started b! 
removing the d.c. used for brakin 
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KOROSEAL 


Properties and Characteristics 


oH. F. FRITZ, THE B. F. 


ASICALLY 


material. Koroseal can be processed 


a thermoplastic elastic 
on standard rubber machinery: it 
can be molded. extruded or calendered 
without vuleanization. The raw material 
is an acetvlene derivative. a polymer of 
one of the vinvl halides combined with 
different 


ticizers. pigments or solvents. Plasticizers 


percentages of various plas- 
are added to impart varying degrees of 
resilience. ranging from liquid to bon 


like hardness: 


properties toa slight extent but are prin 


pigments modify. physical 


GOODRICH COMPANY 


color: solvents are 


added _ for 
volatile materials which combined with 


cipally 


basic Koroseal produce the jelly-like and 
Korogel and 


Korolac. respectively. Since properties ot 


liquid forms known as 


the material vary with the amount and 
types of plasticizer and pigments used. 
no absolute values for physical proper- 
ties can be given. 

The tensile strength of the material de- 
creases in proportion to the amount of 
plasticizer used. The harder compounds 


have tensile strength in excess of 7.900 


Ib. per sq. in. 
strength is 1.000 lb. per sq. in. Ho weve; 
the tensile strength of Korosea com 
pounds is Jess than that of rubbe com 
pounds of equivalent hardness. \~ with 
rubber this property can be modilied }y 
suitable processing. 
Elongation may be 
500 percent depending on the amount o| 
hardness fron 


plasticizer. Durometet 


15-100 points are available. bu! sine 


the material is thermoplastic. hardness 


| ike ibber 


incomp! ssible 


varies with 


Koroseal is 


temperature. 
practically 


volume remaining constant regardless o/ 


loading. 
temperature is higher than rubbe 


This material can be made nearly elas. 


itself t 
pigmenting and dyeing to produce bril 


clear when desired and lends 
liant and delicate colors. difheult to ob 
tain with rubber. Special compounds ur 
der precise production control can } 
made odorless and tasteless. 

Koroseal is being used for oil and bear 
ing seals and gaskets because of its resist 
ance to swelling and disintegration 
the presence of mineral and vegetable oils 
Maintaining 
Korose 


compounds tend to shrink slightly und 


and other rubber solvents. 


original physical properties. 


such conditions. shrinkage increasing ¢ 
the temperature is raised. This shrink 
ing is caused by the slight tendency « 
the plasticizer to dissolve. also causing 
slight stiffening of the compound 
Some of the other industrial uses « 


Koroseal at 


electrical 


present are: flame-resista 


cable sheathing. textile ro 
covers for drafting and spinning cotto! 
insulation for plating racks in chron 
plating operations, steel tank lining ! 
nitric and other corrosive acids. beer | 
coated silk. cotton at 


waterproof and washable fal 


beverage tubing, 
wool for 
rics. and coated paper for job printing 
draw sheets. 

Other new uses include fabrics for ail 
plane motor and wing covers. fabrics fo 
dark 


aviation suits. colored fabrics for wind 


photographic rooms, waterproo! 
cones. and gaskets. tubing and molded 
parts for instruments, oils and greases 
In the field of chemistry. the material # 
used in paints and varnishes for corrosion 
and lining containers. coated paper {0! 
bags for hydroscopic and corrosive ma 
terials. pipe valves and fittings for co! 
rosives. diaphragms for pumps and regu 
lators. cloth and asbestos nserted 
packing for COrrosives and door seals. 
The compound is not recommended t 
use where service conditions require in 
mersion in organic compounds contall 
ing chlorine or nitro groups. gasoline 
other solvents. or where service « ditio! 
require flexing in hot oil. Generally 4 
plication technique is similar to rub! 
technique. as the compound can 
utilized in every manner that rubber 


used and at higher temperatures 
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PROPERTIES OF KOROSEAL deg. F. It begins to soften slightly at was still serviceable. after 3.000.000 


nsile 

ah r gs 100 deg. F. and becomes quite soft at flexures. 1 icating “SIS ‘e ‘as 
wever OEFFICIENT OF FRICTION. Tests of fric- ca F. The iell rr freel _— = Ming & resistance at least 

, about Zo ao, iF. le jelly ws treely 0 Ss i » is » 
com tion between surfaces of Koroseal and : sl 2 os E TI a  e vane ri rubbe se? This property 

: ‘ : at ; 320 deg. F. 1e useful tempera- adapts sek i i - chi 
com eel. both dry and lubricated with oil i : : 7 / a ~ “Se ea - i variety of mechan 
1) . . re - re "OSCE S Ss ~ eg F o4 S ‘re ¢ » 
with viscosity 100 Saybolt sec. at 100 deg. F.) - oy x | orosea R gpon.ctin : ul applications where dur ibility under 

, : , . , ; o. » er : ward ¢ o ¢ . fle o js 
d by how the following approximate coeffi- rom lo deg. be oe ™ ro upward an¢ ong continued flexing is an important 
generally speaking it should not be requirement. 
ents: ; : 
> recommended for use in temperatures 
i Bone Hard Ved. Soft Noft over 150 deg kK 

into Compounds Compounds Compounds ; RESISTANCI ro OXIDATION. l nlike rub 
Iron ber. Koroseal shows high resistance to 


) O.135-0.26 OrO-O 7 1.20—-1.80 | ik t oa ei : 
since ” | O=.18-0.16 0.16 0.30 0.05-0.10 FLAME RESISTANCE. Ke most materials oxidation. the effects being practically 








desecs containing a high percentage of halogen. negligible. After a period of 96 hours in 
tbber worKABILITY. Hard compounds can be Koroseal will burn only while being held the Bierer Bomb accelerated aging test. 
ssibl nachined. drilled. sawed or cut. in direct contact with flame. Koroseal compounds were unaffected. 
less of 
levated DIELECTRIC =STRENTH. The dielectric 
revated MPACT STRENGTH. Softer compounds are : WATER RESISTANCE. Low water absorp 
. strength of Koroseal compounds ranges selee : 
| ot shattered on impact. Impact strength : tion is a characteristic of Koroseal. in 
e 9° fed . ° « alc dl. 
lv glass yee a 7 from 250 volts to 850 volts per 1/1000 in. : ere 
eN i harder compounds at room tempera- rab: sas which respect it is superior to rubber. 
self to By ‘oximates 100 in. II r of thickness at room temperature. Increas- cepa : 
ire approximates in. Ib. per sq. in. are \The increase in weight of certain Koro- 
ce bril fn (tition 2 > ing the amount of plasticizer decreases 
l teross secthonal area. y way © com- : * j ae , : seal compounds is almost negligible. 
to ob he hard rubber c J the dielectric strength. Tests indicate use- 
0 Of arison, the Nard rubber compound such ful lj f | : 
! . . ‘SS asa ¢ “eC S é ' nN. 
nds ui is js used next to the metal rim of solid ” “- , . - + meusater I low ten ; K 
si eae : ‘ sion service not in excess of 600 volts. In RESISTANCE TO OILS AND SOLVENTS. oro 
can } tires averages 35 in. lb. per sq. in. under | exhibi 
test high tension work. Koroseal is valuable seal exhibits one of its most remarkable 
the same test. omer He wee : 
o as a protective coating in combination properties in its resistance to swelling 
one with other insulating material. and disintegration in the presence of 
\BRASION RESISTANCE. Equal to or. su- vegetable and mineral oils and other ma 
ion it a = eos Hons re 
ble oils perior to rubber under condition whe re RESISTANCE TO SUNLIGHT. One shorteom- terials classed as rubber solvents. Koro 
itainin on a = ‘fg uae a ing of rubber which has never been en- seal compounds tend to shrink slightly 
, fen the abrasion ts sumeciently rap . ; ve . : : we 
orosea ; ps . tirely overcome is the tendency to oxidize under such conditions. 
; : r severe to cause frictional heat. how- : 
+ mol ; in the presence of direct sunlight. Koro- 
ver. Koroseal will soften and wear away. : : 
sing as seal compounds are extremely resistant RESISTANCE TO CORROSIVES. Resistant to 
shrink . to light in both natural and accelerated sulfuric acid in all concentrations at room 
iia al sini apa ieininteclian Free from contaminat- tests. Exposure to ultra-violet light from temperature. nitric acid in all concentra- 
anes ng effect in the processing of food prod- a mercury vapor lamp for 144 hours tions, hydrochloric acid in all concentra 
| its or other materials in which a high showed no effects. tions. alkalis in all concentrations. 
a egree of purity is essential. chrome-plating solutions, thirty per cent 
esistant FLEXING. In comparative tests of com- hydrogen peroxide concentrate. ten per 
ile ro HEAT RESISTANCE, Koroseal is a thermo- pounds ot rubber and Koroseal designed cent sodium hypochlorite. saturated 
cotte: plastic. It is unlike rubber in that no for the same service. the rubber unit aqueous sulfurous acid: and all of the 
cies \uleanization or chemical change takes failed after 300.000 flexures whereas the well-known commercial heavy chemicals. 
‘ing { lace in the presence of heat up to 400 Koroseal compound, taken out of test. (Continued on next page) 
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KOROSEAL: PROPERTIES AND CHARACTERISTICS 


(Continued from preceding pages) 





Physical Measurements Made at 30 deg. C. 





(COMPOUND 














A B C 
Vo Aging 
Hardness — Shore type A Durometer 80 80 82 
Ultimate tensile strength (lb. per sq. in. 2350 2420 2400 
Ultimate elongation (per cent 250 300 225 
{ged 2 weeks in Bierer Bomb (300 lb. per sq. in. orvgen al >0 deg. C.) 
Hardness 86 89 80 
Ultimate tensile strength 2440 2470 2330 
Ultimate elongation 290 280 200 
Aged 2 months in Geer oven (circulating air at > deg. C. 
Hardness 83 93 81 
Ultimate tensile strength 2500 2520 2210 
Ultimate elongation. . . 265 140 215 
Electrical Properties 
CoMPOUND { B c 
Resistivity 
Ohms per cm’)... . at 25 deg. C 4x10 "4 1. 8x10» 
15 deg. C 2. 4x10 !* 4. 7x10 ¥! 
70 deg. C 65x10 7. 8x10 2. axl0* 
60-cycle Measurements 
Power factor at 25 deg. C LM .7 14.8 
45 deg. C 10.5 16.1 
70 deg. C 18 8 8 79 4 
Dielectric constant. . at 25 deg. C 4.1 6.8 
45 deg. C 68 98 
70 deg. C 13.8 8.0 10 7 
1 ,000-cycle \leasurements 
Power factor at 25 deg. C 7.9 i5..5 
45 deg. C 15.6 13.0 
70 deg. C 4] <a 14] 
Dielectric constant. . at 25 deg. C 3.4 S;) 
45 deg. C ae 8.3 
70 deg. C 13.6 7.6 10.0 





Physical and electrical characteristics of three typical Koroseal compounds 
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Insulation applications of Koroseal. 
(1) Control cable; Koroseal insulation: 
Koroseal sheath with flame-proof braid 
protection: provides durable insulation 
and mechanical protection for high tem 
perature application. (2) Generator lead; 
varnished cambric — insulation: _ lead 
sheath with Koroseal cover for protectio 
against corrosion and electrolysis. (3 
High-voltage power cable; oil-impreg 
nated paper with shielding tape; Koro 
seal sheath, eliminates trouble from cor 
rosion, electrolysis and vibration. (4 
Power cable; improved high-voltage com 
position ; Koroseal jacket for moisture. 
chemical and oil resistance, also prevents 
sun checking. (5) Control cable; felted 
asbestos; Koroseal jacket, moisture re 
sistant and non-combustible. (6) Switch 
board or building wire; Koroseal in 
sulates and gives mechanical protectio! 
in a single covering, eliminates bulky 
braids and provides moisture and flame 
resistance in addition. (7) Control cable: 
Koroseal in colors; flame-proof braid: 
identifies conductors. (8) Super-flexible 
battery lead; Koroseal insulation and 
mechanical protection in single covering 
resists abrasion and attack by acid fo! 
long periods. (9) Oil well pump lead: 
Koroseal; Koroseal jacket;  stee!-taped 
armor insulates and protects agains! 
severe service in oil wells. (10) Rayo! 
spinning motor lead; Koroseal; K roseal 
jacket. resistant to lubricating «i! ané 
sulphuric acid. Photographs (1) throug! 
(8) courtesy the Okonite Company; (9 
and (10) courtesy General } lectr 
Company. 
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Koroseal tubing covers hooks in a Koroseal-lined stainless steel Stress-strain characteristics of Koroseal, synthetic rubber. 


pickling tank application 
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mber of Koroseal on reciprocat- 

Koroseal compounds tend to 
presence of oils, improving seal- 
cleristics in such applications. 
increases slightly as temperature 
but original physical properties 
aimed, Shrinkage is caused by 
lency of plasticizer to dissolve 
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ToT Tare 
O Koroseal 
@ Synthetic Rubber 
@ Natural Rubber 


Load in Pounds per Sq. In 
wo 
Oo 
Oo 


100] ¢ in bo) 0 mmm’ 4¢) ¢ a’) ¢ H. 6 | ¢ 1 0 - C6) 
Per Cent Elongation 


and a 
natural rubber adapted for service in oil 





Three forms of processed Koroseal: a sheet of batch stoc hk, tubing, and thin sheet 
J ft. 





Gaskets stamped out of solid sheets of Koroseal provide resistance against oils 
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HYDRAULIC CIRCUITS 


kor Controlling Rate of Feed in Machines 


Researe h 


NE OF THE principal uses of hy- 
draulics in machine tool design is 
in feed rate control. For control- 

ling feeds hydraulic systems are usually 
superior to mechanical systems in that 
the rates are infinitely variable between 
the maximum rate and zero. In addition 
to this decided advantage. the rate con- 
trol can be made extremely convenient, 
economical and simple. On the othe 


hand. from the standpoint of power, 
well designed mechanical feed controls 
efficient than 


may be somewhat more 


hydraulic controls and may = also, in 
special applications, offer the secondary 
advantage of enabling a shift from one 
speed to another without passing through 
the intermediate speeds. However. in the 
majority of applications, the hydraulic 
designs offer advantages which outweigh 
those of the mechanical designs. 
Hvdraulic feed rate control systems 


can be divided into two types: (1) 


throttle type circuit; (2) variable deliv- 
ery pump circuit. 

The throttle type circuit employs the 
constant delivery 


gear or vane type. for its source of hiy- 


pump. usually of the 


ALBERT H. DALI 


Department, Cincinnati 


draulic energy. These pumps have the 
advantage of being simple in design and 
economical to manufacture. The output of 
the pump is constant in volume and is 
usually maintained at a constant pres- 
sure through the use of a pressure regu- 
lating or relief valve. Thus the output of 
the pump is substantially constant in 
energy. giving rise to the necessity of dis- 
carding part of this energy when the sys- 
tem is operating at feed rates other than 
the maximum as determined by the 
It follows. there- 


fore that anv variable feed rate hvdraulic 


throttle valve opening. 


system using a constant delivery pump 
and a throttle valve for feed regulation 
must employ means of shunting the excess 
fluid. This is usually accomplished by 
means of a shunt through the pressure 
regulating valve. Fig. 1 shows schemati 
cally a simple throttling circuit with the 
throttle in the forward pressure line. 

\n analysis of the pressure relations 


where 
H work resistance in Ib. 
P’ fluid forward pressure in lb. pet 
sq. in. 
1 piston area in sq. in 


Villing Machine Company 


P fluid back pressure in 
sq. in. 
shows H (P,—P.) A, but P 
therefore: H PA 
Using the electrical analogy 


Product Engineering, 


entity, so that 


Pressure drop Quantity 
ance Unit 


; Pressure drop 
or Quantity 


Resistance Uni 


This expression establishes th: 
ance as an independent variable » 


determined by particular circui 


tions. and the pressure drop beco 


dependent variable the value of 
the result of 
through the particular resistan 
when unit flow produces unit 
drop the fluid has encountered 
sistance, 

Thus as in electrical circuits. 
cal values for hydraulic resist: 
established. and the resistance 
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1935). in which resistance to flow 
viscous fluid in a circuit is treate 
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for a desired pressure drop is calculated. 
Using the common pressure and quantity 
units. the value of the resistance unit for 
an element in the circuit. or a branch of 
the circuit can be calculated from the re- 
lationship: 

Resistance units 


pressure drop in lb. per sq. in, , 
{ } 


flou in cu. in. per min. 


Let g flow in cu. in. per min. through 
throttle 
R resistance of — throttle, in 


“units” (as determined by 

test under standardized con- 

ditions, or by calculation 
from physical dimensions ) 

P pump pressure in Ib. per sq. 
in. (maintained at constant 
value by means of the pres- 


sure regulating valve ) 


Variable 
throttle 


Pressure 
regu 
ating 


valve 


Fig. 1—Feed circuit which uses a constant 
delivery pump and a throttle 
forward pressure line 


valve in 


T hen from 


Equation (3a) the flow 


through the throttle is. 


P 
R 


And by substituting Equation (2) in 
Equation (5) 


P 
R 
From this equation. it is apparent that 


the teed rate (which varies directly 


aq.) is influenced by W the work resist- 

ance. The rate of change of feed rate 

with respect to work resistance. all othet 
conditions remaining constant is. 

dq 1 . 

dM AR 

The «ffeet of a given change in feed 

rate, however, depends on the magnitude 

“the iced rate before the change: in 


other words. 


teed rate that is important and not 
the feed ate change itself. Therefore. the 
pertory ice criterion to be considered is. 

1 ] ] _ 

i q AR q - 
Subs tion of (5) in (7a) results in. 

] 1 ss 
. tb 

i) q Ai P P 
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it is the percentage change 


Thus the percentage change in feed 
rate is affected inversely by the area of 
the piston and the pressure drop across 
the throttle. This design criterion indi- 
cates that the area of piston and pressure 
drop across the throttle should be made 
as large as is practical to minimize the 
effect of work resistance change upon 
feed rate. 

In the foregoing analysis, as well as in 
the analyses of circuits subsequently de 
scribed in this article, the effects of leak- 
neglected in 


order to avoid 


undue complication and lengthy descrip 


ages are 


tion. It is interesting to note. however. 
that this method of analysis—where re- 
sistance is treated as an entity——is par- 
ticularly applicable to leakage problems. 
where the flow is usually of the laminar 
or streamline type. and where complex 
systems of resistances both in series and 
parallel are often encountered. 

For example. in Fig. 1, a leakage out of 
the forward pressure line through resist 
ances R, will affect Equation (6) to read 

if 
{ NW 
R AR 


P 


where R, is leakage resistance in the same 
units as R (the throttle resistance }. 
sequently Equation (7) will become. 


aq 1 1 ] 4 
dvi A\R R a 


Con- 


Pressure 


regulating 
valve 


y 4 
Tw 


Hydraulic circuit with a constant 
pump and a throttle 
back pressure line 


Fig. 2 


delivery valve in 


The percentage change in feed rate 
with respect to the change in work resist- 
ance. therefore. is, 


dg, _, 1 1 
dWw~q R 
> P 
| Po tae) P| 
- t ; 
The leakage factor -e will ap- 


proach unity as the leakage resistance 
approaches infinity. Thus Equation (7e) 
agrees with Equation (7b) tor the case ot 
infinite leakage resistance. 

An inspection of Equation (7e) reveals 
that when R (the throttle resistance) is 
-mall. the leakage factor 

> 

. has little effect while for highe: 
R,+R 


values of R the correction factor will have 


correction 
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the effect of increasing the value of thie 
hand side of the 
showing that leakage has a greater pet 


right equation thus 


centage effect at the lower feed rates than 
at the higher rates. 


When 
R 7 
, | Ri+R | ' . 


the percentage change in feed rate will be 


infinity causing a cessation of motion. By 


Emergency 


re/ie 


Fig. 3—Variable displacement pump cir- 
cuit in which the feed rate is varied by 
changing the pump displacement 


using Equation (3a) this result can be 
obtained by setting q 0 and regarding 
R and R, as series resistances. 

In like manner. the effects of leakage 
can be analyzed in other circuits here 
after. In some circuits leakages will cause 
an increase in feed rate (leakage out of 
back pressure line shown in Fig. 5 and 
6) while in others. the effect is a decrease 
in feed rate. 

A throttling circuit with the throttle in 
the back pressure line is shown in Fig. 2 
In this circuit the forward pressure is 
held constant while the back pressure va 
ries with work load. An analysis of the 
pressure and flow relations shows that 

P, Pr ) 


W P,;—P:)A Po— P.)A 


P P 
( - Gg 
R 
P 
When P 0. 4g R 10) 
Wi 
P, r 


which substituted in Equation (9) gives 


low pressure 
r egula ting 


fot. a Emergency 


relief 


Make-up 
punip ' 


Fig. 4 
ported in this variable displacement pump 


Negative work loads can be sup- 


circuit with a leakage make-up pump 
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q1 11 
Equations (6) and (11) are identical, 


proves that the feed rate varies 
work 


and throttle resistance; in the same man 
ner for both circuits. 


which 


with resistance. forward pressure, 
However. there is a 
distinction between the two circuits in 
that the circuit with the throttle in the 
back pressure line is capable of support- 
ing negative work resistance. while it is 
obvious that the back pressure in the first 
circuit will never rise above zero gage 
pressure. For the circuit shown in Fig. 2, 
when the load VW is in the direction of 
feed Equation (11) becomes 
W 


A 


P 
4 R 2 


In the variable displacement pump 
type circuit, the feed rate is varied by 
changing the pump displacement. The 
simplest example of this type is shown 
in Fig. 
sure P, 


3. In this circuit the forward pres 
is determined only by the work 
resistance HW’. The flow q, is independent 
of the pressure except tor the change in 
pump slip which in a well made variable 
displacement pump is almost negligible. 
When the work resistance is in the same 
direction as the table motion, the back 
pressure cannot build up and therefore 
this type of load would be unsupported. 

\ variable delivery pump circuit which 
is capable of supporting negative work 
In this circuit. 
intake side of 
the pump. This type of circuit is desig- 


loads is shown in Fig. 4. 


the return fluid enters the 


nated a closed circuit. In a closed circuit. 
means must be provided to make up for 
leakage out of the system. In Fig. 4. 
check valves are shown connected to both 
forward and back pressure lines. When 
either the forward or back pressure line 


| 
| VD 
| pump 


L ain 
l eee 
« Pressure 
regulating: 
valve 


Fig. 5 
ment pump closed circuit with “booster” 
pump in the 


Vodification of variable displace- 


forward pressure line 
slightly evacuated 
the pressure will drop 
lost. Whenever 


the pressure in either of these lines drops 


tends to become 
through leakage. 


because compression is 


determined by the 
valve. the check 
valve will raise and fluid will be admitted 
to make up the leakage. Thus. the datum 


below the pressure 


make-up pump relief 


pressure level of the system must be the 








Fig. 6 Locked circuit which employs a 
differential relief valve, Cincinnati Mill- 
ing Machine patent, permits a comple. 
mentary pressure rise and fall in both 


forward and back pressure lines 


make-up pump pressure. The system fails 
only when the leakage exceeds the deliv- 
ery of the make-up pump. 

This system can be made exactly sym- 
metrical by placing another emergency 
relief valve between the forward and back 
pressure line. Obviously a reversing valve 
may be introduced between the pump and 
evlinder to control the direction of the 
table motion. The relation between the 


pressure and work resistance is s:mply 
I (P P.) A (13) 


where for negative work resistance. P 
can exceed P,. In this system the forward 
pressure is limited only by the setting of 
the emergency relief valve. while the back 
pressure may reach any value. 

Another modification of the variable de- 
livery pump closed circuit is shown in 
Fig. 5. In this circuit the make-up pump 
delivers fluid to the forward line and is 
designated by the term “booster” 
The 


small capacity. high pressure pump which 


pump. 
booster pump in this circuit is a 
delivers its entire output to the forward 
pressure line. Except for leakage. the en 
tire delivery from the booster 
forced out of the 
valve. thus keeping the forward pressure 
constant regardless of the work load FF. 


pump is 


pressure regulating 


The back pressure varies to accommodate 
work 


changes in compression in the back pres 


changes in load by reason. of 
sure line. Thus. under a small load. the 
piston will accelerate to 
fluid 
proper pressure is reached to balance the 
load. It both 


circuits. Figs. 4 and Fig. 5. the pump and 


compress the 
in the back pressure line until the 
follows. therefore. that in 


its drive must be of such design that over 


run will not result under conditions otf 
negative work resistance. 

The “locked circuit.” 
(Cincinnati Milling Machine patent) em 
differential 


permits a complementary rise 


shown in Fig. 6 


valve which 
end tall in 


both forward and back pressure lines. The 


plovs a reliet 


differential relief valve has a small differ 
ential area which is connected to the back 
pressure in addition to the normal con 
nection of forward pressure to the valve 

For equilibrium. the forward pressure 


P. times the area 4 plus the back pres 


sure P, times a must equal the op, ssing 
spring pressure S. Thus. 
P\A + Pa =S r 
Let the ratio of areas be 
| 
a oe, 
tl = 
len nP,+ P 
A 
For simplicity let n 1. then 
S 
‘og Vi ae 17 
a 


Therefore. the sum of the forward and 
back pressures must remain constant. A 
rise in forward pressure must be accom 
panied by a drop in the back pressure 
and vice versa. Fig. 7 shows graphically 


the result when the pressures P, and P 
are plotted against work resistan: 

The differential relief valve may be 
housed in a unit which incorporates also 
the booster pump. rapid traverse gear 
pump. and the various valves which con 


trol the flow to the feed cylinder 
Design Considerations 


The choice of the type of feed rate con 
trol system must be governed by requir 
Where 


large variations in work resistance occu! 


ments of the system in service. 


a variable delivery pump system would 


~ Pressure 
afference 


+0 — Work Resistance 





Negative Positive 
Fig. 7—Forward and _— back __ pressure 
plotted against work resistance to illus 
trate complementary pressure” rise am 


fall in Fig. 6 circuit 


be indicated. However. if the variation 
in feed rates are not an important « 
sideration the economy and simplicity 
the throttle system should be favored 
The smoothness of feed rate is det 
mined by detail design. For example. } 
tain types of relief valves have an incl! 
tion to vibrate. which is reflected int 
system by a lack of smoothness. Other d 
tails, such as valve porting and liydrau 
balance may have a deleterious effect 
smoothness of motion. The importance 
slight 


variations in pump delivery 


often overestimated. since accumula! 


effects are almost invariably present I 


Ek 
wh 
acl 
not inve 
nothing 
where 1 
steps. n 
On th 
onsidet 
final ste 
sistency 
een pl 
I the ( 
ento! 


nonev ! 








sVstems. 


Hvdraulic feed rate contro desig 
therefore, is not exempt from the vagal!’ 
of design techniques. althoug! in ¢ 
eral, the technique is simple -ince ' 


ultimate design usually lacks co ples 
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HAT IS INVENTION-III 


ERSISTENCY AS PROOF. Those 

who abandon their efforts before 

achieving a successful invention are 
not inventors and all their efforts go for 
nothing as against the one who starts 
where they left off and takes the final 
steps. no matter how slight, to success. 
On the other hand, the courts take into 
onsideration, in determining whether the 
fnal steps constitute invention, the per- 
sistency with which experiments have 
been prosecuted. The scope and length 
{ the experiments, the failures the in- 
entor encounters and the amount of 
money he spends are all taken into ac- 
ount. In this connection the Supreme 
Court of the United States said in one 
ase: “In view of the fact that previous 
ittempts. of which there appear to have 
wen several, to make a practical canvas 
belt, had been failures, and that Gandy 
iad been experimenting with the subject 
for several years before he discovered 
that a change was necessary in the struc- 
ture of the canvas itself, we do not think 
his improvement is a change in degree 
only, or such a one as would have oc- 
curred to any ordinary mechanic, and ow 
opinion is that it does involve an exercise 
of the inventive faculty. The change is 
such as would only have occurred to one 
familiar. not alone with the impossibility 
of making a practical belt out of ordinary 
canvas, but to one who had bestowed con- 
siderable thought upon the method of 
wercoming the difhieulty.” 


Imitation as a proof. In my book. 
‘Invention and the Law.” I say under 
“The fact that 
ther than the inventor prefer to adopt 


this heading: persons 
ls invention rather than utilize what 
ilready open to them, is proof of in 
vention. Where prior art patents and pub- 
ications and prior uses in the art are 
public property, the fact that 
ed infringer prefers to risk a 


old and 
the alle 


lawsuit and appropriate the invention 


ol the patentee is strong evidence that 
such a patent covers an invention. This 
is true d: spite the fact that the defendant 
claims t!~ advance of the inventor is of 
such mi character as not to be worthy 
of any tection. 

“In d rmining invention. the courts 
seas o: of the tests the standard of its 
accepta by reasonable business men. 
Business nen do not adopt an invention 
without » ison, when, by not adopting it, 
they can et equal results and avoid the 
*xpense litigation.” 

One « t said in the connection: ““The 
August. 1939 


H. A. TOULMIN, JR. 


Toulmin & Toulmin 


imitation of a thing patented by a de- 
fendant, who denies invention. has often 
been regarded . . . as conclusive evidence 
of what the defendant thinks of the 
patent, and persuasive of what the rest 
of the world ought to think.” 

In another case: “But the vital thought 
of using a reciprocating engine which 
through one rack bar accomplished the 
driving of both screws was new. The solu- 
tion was simple, when discovered, but 
had not before been obvious to the skilled 
mechanic, as evidenced, not only by 
Lower’s frequent experiments. before the 
desired result was accomplished. but also 
the pronounced success of the device and 
(after its successful use by Lower) its 
adoption by Hanna, the active competitor 
of Lower. who had before rejected or 
abandoned the idea of a reciprocating 
engine for a two-cylinder engine.” 


Unsatisfied public demand. The 
most practical proof of the utility and 
novelty of an invention is whether there 
was previously an unsatisfied public de- 
mand for such a device, or for a certain 
result which the invention achieves. Proof 
of such an unsatisfied general demand, 
and the extent and nature of the use 
of the device as a result of meeting that 
demand. is seriously taken into account 
by the courts in determining whether 
there has been patentable invention. 
Even the fact that a patent case has 
come into court has a bearing. as is shown 
by the following excerpt from an opinion 
of the Supreme Court of the United 
States: 


tests at least the utility of the process 


“The extent of this litigation at- 


supposed to be described in the patent, as 
it shows and measures the extent of the 
public demand for its use.” 

In another case the same court said: 
“We have taken for granted in ou 
discussion that the Grant tire immediately 
established and has ever since maintained 
its supremacy over all other rubber tires 
successful 
failures. The 
assumption is justified by the concession 


and has been commercially 
while they have been 


of counsel.” 


Publie acquiescence in validity. 
Here we have one of those quirks in the 
law which sometimes make it seem, to the 
layman, highly inconsistent. In a_pre- 
ceding paragraph we saw that the will- 
ingness of a party to run the risk of 
costly infringement suits by imitating 
another’s patented product is considered 
by the courts to be excellent proof that 
the patent covered a real invention. 


But, on the other hand, the courts have 
frequently held that absence of trespass- 
ing on a patentee’s rights is one of the 
strongest tests of novelty of invention, 
for it indicates that that part of the 
public which is familiar with the art has 
accepted the patent as valid. Even 
stronger than lack of infringement is 
failure of anyone over a period of years 
to contest the validity of the patent. 

In one case, which happens to cover 
a process, the court made this decision 
which applies as well to any article of 
manufacture or machine: “The record 
shows not only that the process in suit 
was promptly considered by the patentees 
as an original and important discovery, 
but that it was immediately generally ac- 
cepted as so great an advance over any 
process known before that. without puf- 
fing or other business exploitation, it 
promptly came into extensive use for the 
concentration of ores in most, if not all, 
of the principal mining countries of the 
world ... and that, because of its econ- 
omy and simplicity, it has largely re 
placed all earlier processes. This, of it 
self. is persuasive evidence of that inven 
tion which it is the purpose of the patent 
laws to reward and protec t. 

“The 


fact is that for nearly ten years before 


In another case the court said: 


the bill in this cause was filed the appel- 
lants sold in the country a_ smokeless 
granulated gunpowder, as a product pro 
tected by the letters patent which the 
appellee now insists are void for obscur- 
ity of language. Never until this cause 
was instituted, so far as we are informed, 
was the validity of the patent disputed. 
During all that period of ten years there 
seems to have been a public acquiescence 
in its validity. With these facts before us, 
we think we are not justified in holding 
the first claim of the patent to be invalid.” 


Experimentation. The fact that an 
inventor has engaged in long experimen- 
tation prior to his discovery is indication 
that it was not an easy and obvious 
thing to accomplish, and that therefore 
true invention is involved. 

Here are excerpts from two decisions 
bearing on this: it is regarded as 
significant that there has been a recog- 
nized need for such a machine, and that 
the efforts of others to meet it have been 
without success, which the inventor has 
attained only after continued experi- 
ment.” 

Again: “The proof satisfies us that the 
device of Hopkins was not a mere adap- 
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tation of existing contrivances. but came 
as an unexpected surprise at the end of 
earnest study of the subtle problems in- 
volved in this art.” 


Either a machine or the product 
made by it may be patented. No com- 
ment is needed on the following decision, 
except to point out that a wise choice 
should be made and if possible both 
patented. 

The court said in the Case of Rubber 
Co. v. Goodyear: “Patentable subjects, 
as defined by the patent law. are ‘any 
new and useful art, machine, manufac- 
ture. or composition of matter, or any 
new and useful improvement on any art, 
machine. manufacturing. or composition 
of matter.” A machine may be new and 
the product or manufacture proceeding 
from it may be old. In that case the for- 
mer would be patentable and the Jatter 
not. The machine may be substantially 
old and the product new. In that event 
the latter. and not the former. would be 
patentable. Both may be new. or both may 
be old. In the former case. both would 
be patentable; in the latter neither. . 
The patentability. or the issuing of a 
patent as to one, in nowise affects the 
right= of the inventor or discoverer in 
respect to the other. They are wholly dis- 
connected and independent facts. Such is 
the sound and necessary construction of 
the statute.” 


Change of form. [{ change of form 
produces a new mode of operation or 
secures a new and useful result it is in- 
vention. But the change of form must 
produce something not naturally to be 
expected. for it is assumed that natural 
results from well-known forms are part 
of the common store of knowledge. 

In one case the court said: “To change 
the form of an existing machine, and 
by means of such change to introduce 
and employ other mechanical principles 
or natural powers, or, as it is termed, a 
new mode of operation, and thus attain a 
new and useful result. is the subject of a 
patent.” 

In the case of Hammond Buckle Co.. 
v. Goodvear Rubber Co., the court elab- 
orated upon this, as follows: “The sub- 
stitution of the bifurcations for the un- 
bitureated tongue plate, rearwardly ex- 
tended. as in the Blackman patent. was a 
mere change of form: and unless such 
change of form accomplishes something 

introduces a new function, or a new 
method of performing the old) funetion 
with greater excellence o1 economy it is 
not patentable invention. The bifurcation 
does net accomplish anything new in the 
way of more efficient support. The fune- 
tion of supporting the catch-plate. and 
the mode of supporting. are entirely un- 
affecied by the diversity of shape. The 
bifurcation does, however. subserve a 
useful purpose, which is described in the 
patent as follows: 


“<The bifureations at the rear end of 
the tongue plate have a slight lateral elas- 
ticity. and the tongue is made at the 
point e slightly broader than elsewhere: 
and its breadth is such that it must, in 
locking and unlocking the tongue, pass 
through said bifurcation. by springing 
the forks thereof apart. This insures a 
slight locking action. both when the 
tongue is opened and when it is closed.’ 

“This additional element develops a 
function in the bifurcations which may 
be said to involve an exercise of the cre- 
ative faculties. and thus the entire com- 
bination, being apparently new in the 
art, may be patentable.” 


Change of proportions. |{ the differ- 
ence between success and failure depend 
upon the choice of proportions. a change 
of proportions may constitute patentable 
invention, provided the change does not 
merely make for convenience. appear- 
ance. size or adaptability. It must be of 
the essence of the workability of the 
device. 

\n excellent example of this had to de 
with incandescent lamp filaments. The 
court said: “Although all-glass globes, 
with leading-in wires passing through 
the glass and sealed into it. had been 
used before to preserve the condition of 
the interior of a chamber from the effects 
of leakage at the joints, and although the 
prior art, including the French patent. in- 
dicated that subdivision of the electric 
light was to be obtained by the use of 
burners of high resistance and small radi- 
ating surface, and although pencils of 
carbon had been tried in imperfect vacua, 
and found wanting. it was invention. in 
view of the teachings of the art as to the 
disintegration of carbon under the action 
of an electric current. to still select that 
substance as suitable material from which 
to construct a burner much more attenu- 
ated than had ever been used before. 
reduced in size to the filamentary form 
in which economy of construction re- 
quires that it must be used in order to 
avail of the philosophy of high resistance 
and small radiating surface, and so to 
combine old elements that the disintegra- 
tion due to ‘air washing’ should be prac- 


tically eliminated, and the burne: thus 
hecome commercially stable.” 


Commercial suceess. [If an in tion 
has met with notable commercia: sue. 
cess. without undue sales or adver ising 
effort. the presumption is that the ; atent 
is valid providing of course that it meets 
the tests of novelty and usefulne-<s. Ip 
questions where there is doubt, co:nmer. 
cial success is often relied upon to tip 
the seales. 

In one case the courts held: It is 
enough to say that to enter an art crowded 
with a multitude of similar forms and 
secure an immediate and notable success 
is in itself sufficient evidence of invention 
and conclusive evidence of novelty.” 

In the case of Motor Improvem« nts v, 
General Motors Corporation the court 
held: “While this is an industry in which 
the purchasing public may be largely 
ignorant of mechanical devices, and 
keenly competing manufacturers doubt- 
less are ready to adopt comparatively in. 
expensive additions that furnish new and 
attractive talking points for their exten. 
sive advertising, nevertheless the ready 
and quick adoption of Sweetland’s filter, 
after it had been thoroughly tested by de- 
fendants, weighs heavily in case of doubt 
as between utility and nonutility. inven 
tion and mere mechanical advance.” 

On the other hand. the Supreme Court 
of the United States has said: “The argu 
ment drawn from the commercial success 
of a patented article is not always to } 

relied on. Other causes, such as the ente! 
prise of the vendors, and the resort t 
lavish expenditures in advertising, ma 
co-operate to promote a large marketal 


demand 


Epiror’s Note: This installment ce 
cludes the series of three articles in whi 
have been set forth an exposition of t! 
positive rather than the negative aspects 
of new and useful ideas that may be pat 
entable. and also considerations of t! 
conditions surrounding the idea that at 
often reviewed when granting patents 
for inventions. Part I and Part II aj 
peared in Product Engineering in 
February and June numbers respectivel 


Current Quotations 


“The importance of safety education and safety campaign in our shop 


cannot he over-estimated. There are two major considerations: first. WW 


owe it to our employees to preserve their health and their full facultie- 


any industry that fails to safeguard its employees is certainly not dese1 


ing of true managerial respect. The only safeguard is eternal vigilance + 


the part of management to keep the equipment in perfect shape and 


supply all necessary safety protections: then eternal education to ke« 


the workmen using the protections offered and taking no chances.” 
E. S. SAWTELLE, vice-president, Tool Steel Gear and Pinion Company, 


an address before the American 
}irginia Beach, Va., May 15, 1939. 


Gear Manutacturers’ Association, 
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“| FURNA 


kor Parts 


TRIC FURNACE brazing is a 


nparatively new method of join- 


metals. and so far has been 


rincipally to steels. But furnace 


l-o can improve the quality and 


manufacturing costs of many 
is parts. The principles in- 
the process are the same as 
steels. but 
different 

cal factors. 


the technique is 
because ot some 
ferrous brazing. as in the cop- 
ng of steel. a sheet. wire. or 
the brazing material is placed 
joints to be brazed. The parts 
mbled are passed through an 
irnace in which a protective 
prevents oxidation and which 
ves or cleans any 
might 


cover the metal sur- 


surface is thus prepared for 


1939 


light oxide 


HERMAN H. SCHMITT 


Westinghouse Electric & Manufacturing Company 


wetting by the molten brazing alloy so 


that the alloy can be drawn into the 


joints by eapillary action and become 


alloyed with the parent metal. The piece 


is then transferred to a cooling chamber 


in which the alloys solidify and form 
strong joints. 

In carrying out this process. however. 
the conditions are somewhat less advan 
tageous than in the copper brazing of 
steel. First, eutectics between the metals 
joined (if different) or between one or 
more of the metals joined and the braz 
ing alloy must be considered in selecting 
brazing alloy and in dete 
a workable operating tempera 


ture. To illustrate the importance of this 


the propel 
mining 


point, the simple operation of joining sil- 
ver to copper may be cited. Silver melts 
at 960 deg. C. (1.761 deg. F.) and copper 
1.083 deg. C. (1,981 deg. F.). 


melts at 
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CE BRAZED JOINTS 


Made of Non-Ferrous Materials 


On first thought a brazing alloy which 
(1.472 deg. 
With 
metal contact between silver and copper 
at a temperature of 800 deg. C. (1.472 


melts at or near 800 deg. C. 


KF.) might be selected. metal-to 


allov melt 
{ 1.436 deg. kK.) 


thus fuse and 


deg. F.). however. a eutectic 
780 deg. C. 
form and 


ing at would 
destroy the 
part. 

Furthermore, copper wets and spreads 
actively over steel, because of the rela 


tively low solubility and diffusion rate 
of copper into steel. Non-ferrous metals, 
on the contrary, are poorer in their wet- 
ting and spreading action, because of the 
generally highly mutual solubility of two 
likewise their 


higher diffusion rates. For this reason, it 


such in each other. and 


is necessary to place the brazing alloy 
close to the joint and hold it there in 
the molten state to permit penetration of 














342 


the joint. Frequently counterboring to 
accommodate a wire ring of the brazing 
alloy serves the double purpose of hold- 
ing the brazing alloy 
at the 


reservoir of the molten brazing alloy. 


in place directly 
joint, and also of providing a 


In order to prevent the hydrogen em- 
brittlement of commercial tough pitch 
copper parts it is necessary to maintain 
an atmosphere containing very little or 
no carbon monoxide (CO) or hydrogen 
(H.). With only very low concentration 
of these reducing agents it usually may 
be necessary to apply flux toe the non- 





Condenser-bushing 


flamge.  com- 
posed of a vellow brass tube (65 per cent 
copper. oo per cent zinc) and two bronze 
castings. (85 per cent Copper. 5 per cent 
lead. 5 per cent tin. and 5 per cent zine). 
This part formerly was threaded and 
soldered manually with a tin-lead solder. 
but is now being furnace brazed with a 
brazing alloy composed of 7 per cent 
phosphorus and 93) per cent copper. 
known to the trade as “Phos-Copper.” 
The brass tubing is standard stock of 3 in. 
outside diam., 2%4 in. inside diam.. and 
Tle in. long. 

The bronze pieces are sand cast to 
shape and bored to press with 0.003 in. 
interference onto the brass tubing. At 
the end on which the brazing alloy rests 

the top end in the furnace—the cast- 
ings are counterbored 14 in. larger in 
diameter than the bore. to a depth of 1x, 
in. A Phos-Copper wire !, in. in diam. is 


wound into a ring that fits snugly on the 


ferrous parts to prevent the formation of 
a surface film that would retard the wet- 
ting action of the brazing alloy. Rapid 
heating and comparatively short brazing 
cycles are necessary for brass parts to 
prevent excessive volatilization of zinc. 

In non-ferrous brazing the tempera- 
tures usually are near the plastic range 
of the part. and supporting fixtures may 
be necessary to prevent collapse and dis- 
tortion of the assemblies. However. none 
of these problems is insurmountable. and 
the process. if fully understood, may be 
applied as advantageously as the older 


brass tube. and is pressed into this coun- 
terbored section. On this same end of 
the large casting a bore 0.004 in. larger 
in diameter than the “press fit™ is cut 
to a depth of °, in. This enables the 


brazing alloy to start into the joint. 
thereby increasing the sealing action and 
the strength. and also increasing the rate 
of penetration through the “press fit.” 


Next the 


bright dipped in a solution of nitric and 


parts thus machined are 


sulphuric acids carefully fluxed with a 
material known as “Fluxine” paste. then 
assembled by pressing the castings into 
place on the brass tube. The Phos-Copper 
rings are pressed into the counter-bored 
section and the assembly is ready for 
furnace brazing. The brazing for these 
parts is done at 825 deg. C. (1.515 deg. 
F.) and the parts are held at that tem- 
perature for five minutes. The total braz- 


ing cycle (time in the hot zone of the 


furnace } 


is approximately 20 minutes. 


copper brazing process for steel arts, 

To illustrate the possibilities of azing 
non-ferrous parts in an electric fu; nace. 
typical examples of how the proce-< has 
been adopted in production are -hown 
in several figures. Both of the furnace 
brazing applications here described have 
resulted in stronger. cleaner parts at 
lower manufacturing costs. and may pos- 
sibly point the way to other applications 
of furnace brazing for joining non-fer. 
rous parts that could be done with profit 
and further improvement in ability to 


stand up in service. 


This part is placed in the furnace and 
brazed in the vertical position as show! 
The parts as removed from the furnace 
cooling chamber are clean. reasonabl 
free of flux and when tested with a 
pressure at 30 Ib. per sq. in.. showed 4 
very small percentage of “leakers.”” Leaks 
usually are caused by castings faults. 

\ section of a condenser-bushing flange 
which was subjected to a load of 40.00 
Ib.. is shown in the right hand illustratie! 
above. and although the tube buckled. the 


joint is still intaet. In this example 


neater part was produced by electric 1 
nace brazing and cost reductions wer 


realized on items such as (a) by el/iminal 
ing threads a thinner wall section wa 


possible and less weight of brass tub 
was required. (6) a costly threading 
operation was eliminated. (c) extré 


annealing operation was eliminated sint' 
heating for brazing constitutes an anneé 


ing treatment. 
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Oil-eooling unit which was formerly 


and torch brazed but now furnace 
razed. The part consists of eight oxygen- 
free. high-conductivity copper tubes hav- 
ng inside diameters of 0.259 in. outside 
liam. of 0.344 in.. and lengths of 11 in. 
razed into brass 


manifold — sections. 


These manifold) sections are machined 
trom yellow brass (62 per cent copper. 3 
per cent lead. 35 per cent zinc) bars 
1.625 by 1.0 by 4.625 in. in size. The eon 
struction of this manifold is shown = in 
letail in the center illustration above 
which shows a polished and etched micro 
section of one of the manifold chambers 
ulter being furnace brazed. 

These units are so constructed that the 


Water passes through all of the tubes in 





COPPER TUBING —_. 


BRASS PLUG 


series. The brass blocks are drilled for a 
snug fit on the copper tubing and then 
counterbored |, in. larger in diam. than 
the outside diam. of the copper tubing to 
a depth ot 6 In. 
(0.344 in. 


in. in diam. are pressed into the coun 


Phos-Copper rings 
inside diam.) made of wire 


terbored section. The brass bars are 
drilled on one side to accommodate eight 
coppel tubes. On the opposite side one oft 
the bars is drilled with four holes Ys in 
in diam. and the other bar with three 
Vy-in. holes. The Yo-in. holes are drilled 
on the exact centers between the coppel 
tubes and as the drill progresses through 
the bar it removes one-half of the wall 
section of the adjoining cavities and 


forms a continuous path from one coppe1 
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tube to the other. The manifold block con 
taining three holes is drilled for an outlet 
and inlet chamber and in this manner 
allows the water to pass from one tube 
to the next in series. 

The — finished 
cleaned by bright dipping in a solution of 
nitric and 


machined parts — are 


carefully 
fluxed. then assembled by placing the 


sulphuric acid. 


eight coppel tubes into the smaller tubes 
The manifold is completed by sealing the 
large drilled holes with the brass plugs 
which are pressed into position. Over 
these plugs are then placed Phos-Copper 
rings with an outside diam. of Ys in. made 
at in. wire. The cooling unit thus 


assembled is properly aligned in a braz 


ing fixture to prevent distortion, and is 
placed in the furnace 

\ssembled part and fixture are placed 
directly into the furnace chamber at 825 


oO 


deg. C. (1.515 deg. | ind held at that 
temperature for five minutes, the total 
time in the hot zone being approximately 
twenty minutes. The Phos-Copper rings 
which are held in place by the counter 
bored section around § the coppel tubes 
and the shoulders adjacent to the brass 
plugs. melt and flow into the joints leay 
ing neat fillets. Unlike the flanges for 
condenser bushings, this part is furnace 
brazed in the horizontal position. Fillets 
of great uniformity result from the pro 
cess. The right hand illustration above 
shows the joint between the copper tube 
and the brass manifold. the brazing alloy 
may be seen to have crept under the end 
of the copper tube thus making an excel 
lent seal. A microphotograph of this 
joint between the brass sealing plug and 
the brass manifold is shown in the lower 
left hand illustration. 
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SEA BIRD -4_ stainless 
steel amphibian by Fleet- 
wings, Ine. 


Designed for Stainless Steel 


ANLECTRIC RESISTANCE welding 


7 has a number of advantages from 


nary preparation such as punching rivet 


the cost standpoint. No prelimi- 


holes. are required. Spot welding can be 
done much faster than riveting. the auto- 
matic machines for welding being faster 
and simpler toe operate than riveting 
machines. An inexperienced workman 
can be trained to operate spot welding 
machinery in a relatively short time. 

\n advantage from a structural or de- 
sign standpoint is that spot welds can be 
spaced at a much closer pitch than can 
rivets and the flange required is smallet 
than that needed for rivets. The closet 
pitch increases the compressive efhiciency 
of free flanges and the smaller flanges 
required reduce the amount of material 
necessary in the relatively inefficient free 
flange. Also. spot welded joints can he 
designed to attain 100 per cent efficiency 
since no metal is removed as in punching 
rivet holes. Fittings. because of the 


closer pitch available. can be made lighter 


and smaller when spot welded. Further. 


since the cost of a few additional spot 
welds is low. joints can be designed for 
high margins of safety at a very slight 
additional labor cost. and with no addi- 
tional structural weight penalty. 


From an aerodynamic point of view, 
the absence of rivet heads lessens the 











G. G. CUDHEA 


Fleetwings, Ince. 


drag of the metal aircraft wing coverings. 
Here again the close pitch permits fabri- 
cation of wing coverings which retain 
their contours and do not develop. the 
usual diagonal tension field wrinkles. 
With reference to the material used 
for welded airplane structures. stainless 
steel has many advantages. Being cor- 
rosion resistant. closed or hollow sections 
are permissible. It is adaptable to spot 
welding because of its high electric re- 
sistance and low thermal conductivity: 
the former lessening the required current, 
the latter concentrating the fusion heat 
during welding. The low current require- 
ments permit the use of relatively light 
secondary leads and facilitates the use of 
small hand and portable welding tools. 


Type of Stainless Used 


High tensile stainless steel strip and 
sheet with an ultimate tensile strength as 
high as 185.000 Ib. per sq.in.. vield point 
more than 150,000 Ib. per sq.in.. and 
elongation ranging from 15 per cent to 25 
per cent. are available. Because of the 
relatively high elongation the material 
can be rolled. drawn. bent. or formed and 
the resultant structures require no heat- 
treatment or other stress-relieving or an- 
nealing process. Its high fatigue strength. 
approximately 50 per cent of the ultimate 





strength. is particularly 


mittent and vibratory stresses. 
The stainless steels available 
cially are too numerous to classify. 
most commonly used in aircraft structul 
and to which the remainder 
cussion will be confined. is the austenit 
alloy containing about 


200.000 Ib. per sq.in. 


sile strengths commercially available 


sq.in.: half hard. 150.000 Ib. per sq. 
quarter hard, 125.000 Ib. per =q. 
annealed, 80.000 Ib. per sq.in. 

non-magnetic in the quenched st 
are tough ductile. 
most frequently. Unless specifi 
dicated otherwise. all examples al 
trations given 


In designing for tension loads 
The high allowable tensile stren 
compression loads the action of t! 


rial under compression must be a 
Column Design 
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spreod of values for the physical prop- 
erties is given. Stainless steel in the 
purely elastic range of deformation has. 
like ordinary carbon steel. a modulus of 
elasticity ranging between 28.000.000 and 
99.000.000. The stress range for purely 
elastic behavior is, however. considerably 
lower. as shown in Fig. 2 which is 


a typical tension stress-strain diagram. 


15.000 Ib. per sq.in. Material with the 
upper range of proportional limits is 
preferred. 

It is customary when purchasing stain- 
less steel for aircraft. to pull sample 
tensile specimens from all rolls of stock 
received and classify the material in the 
stock room with regard to its elastic 


properties. In fabricating any structure 


the Euler range the allowable stress is 
proportional to the value of the modulus 
Therefore. in the design of long columns 


it is only necessary that the modulus re 
main high up to the point of tangency 
with the Johnson curve. 

\s has been previously noted. it is 
commercially feasible to secure stainless 


steel with a proportional limit as high as 
























\ curve of the variation of the modulus the work order sheet which accompanies 100.000 Ib. per sq.in. Therefore. the 
of elasticity with stress is shown in Fig. it contains a record of the material stock range of modulus variation as shown in 
3. It was plotted from a representative roll numbers. Therefore it is possible at Fig. 3 need not be considered in’ long 
stress-strain curve similar to that shown any time to determine the exact properties column design. 
in Fig. 2. The specimen had an ultimate of any finished article. The values in the Johnson range given 
tensile strength of 188.000 Ib. per sq.in. by the curves in Fig. 4 should he used 
[The proportional limit occurs at a stress Allowable Stresses with discretion. In structures made of 
of 40.000 Ib. per sq.in., the modulus up relatively light gages the possibility of a 
to this point being a tangent modulus. Curve | of Fig. 4 is a conventional third type of failure. local elastic in 
\bove this stress the secant modulus is Euler-Johnson curve for material having stability. or local buckling. must be con 
ised. The secant modulus is graphically a yield point of 150.000 Ib. per sq.in. and sidered. To avoid this type of failure it 
represented in Fig. 2 as the slope of the a constant modulus of 29.000.000. with a is necessary in design to limit the flat 
line from zero stress to any point on the coefficient of fixity of 2. Curve 2 of Fig. pitch. that is, the distance across any 
stress-strain curve. The secant modulus 1 shows an allowable stress curve with unsupported flat surface divided by the 
curve is obtained by taking the stress at variable secant moduli, as taken from thickness of the material. 
any point and dividing it by the unit Fig. 3. Regardless of coefficient of fixity. \ range of typical column curves of a 
strain for the point. the point where the curve changes from section which might be subject to failure 
It should be noted here that the point Euler to Johnson range occurs at 68.000 through elastic instability failures is 
at which the stress-strain curve departs Ib. per sq.in. Examination of the two shown in Fig. 5.) Curve 1 in this figure 
from the straight line, known as the limit curves shows very little difference in al- is a reproduction of the usual Euler- 
of proportionality, is variable. It is par- lowable unit stress since the yield point Johnson curve shown in Fig. 4. Curves 
tially controlled by the technique of roll- is the dominant factor in the Johnson 2.3. 4 and 5 might be considered as rep- 
ng the strip. Thus. one steel company range. It should be remembered that the resentative of a section such as sketched 
supplies stainless steel strip with a pro- Euler-Johnson curve is an arbitrary de- on the figure made bv sheets Various 
portional limit of over 100.000 Ib. per sign curve. The test values for most thickness. All of these curves are tan 
sqy.in.. While stainless purchased to the materials approach the yield point as a gent to the Euler-Johnson curve at some 
same specification from another company cut off at values of L/p substantially stress. and show very slight increases in 
las a proportional limit of only 40.000 to above those shown. Reference (h). In allowable stresses in the range of L/p 
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Fig. 3 Curve showing the variation § of 
modulus with unit stress 


below this point of tangeney. This stress 
is commonly known as the crippling 
stress. 

The conclusion to be drawn from Fig. 
5 is that in the design of any column to 
be made of thin stainless steel sheet it is 
important to determine the range of 
L./p in which ratio the column is to be 
designed before selecting the section to 
be used. If in the short column range. 
and therefore liable to fail through di 
rect elastic instability it will frequently 
be advantageous to reduce the radius of 
gyration. that is. the over-all dimensions 
of the section. In order to secure a more 
favorable flat pitch ratio: or, if this is un 
desirable. to use a beaded = or rolled 
section. 

This. it might be added. is a major 
difheulty in) designing special sections. 
Because of the wide range in sections 
and thicknesses available for any given 
problem. in) selecting any section for 
column use. inevitably the engineer will 
attempt to design for a stress as high in 
the Johnson range as possible by expand 
ing the overall dimensions to increase 
p and decreasing the thickness to attain 
minimum area. hence minimum weight. 
However. he finds on checking for elas- 
tic instability that test results and theory 
indicate he has been too optimistic in his 
selection. and several attempts are re 
quired until the most eficient combina 
tion of Lp and flat piteh ratio is reached. 

For the sections in) common use. a 
family of curves similar to those shown 


in Fie. 5 are usually available. 
Spot Welding Design 


Before proceeding further. the allow 


able values for the strength of the spot 


‘ 
welds in | 8 should he considered. 
These values are based on the use of spot 
welding equipment which can be set by 
the operator to control very accurately 
the time interval, the electrode pressure, 
and voltage or current through the weld. 
Both mechanical and electronic timing 
devices can he used. 

The shear stress of single spot welds 
in stainless steel sheets of various thick- 
nesses. as required by the U.S. Army Ait 
Corps. is shown in Fig. 6. In the design 
of spot welded joints it is customary. as 
in rivet practice, to avoid stressing the 
Spot weld in’ tension. However. like a 


rivet, a spot weld is capable of developing 
some strength in tension. The variation 
in this figure depends, of course, on con- 
centricity or eccentricity of the load. 
The button type of failure usually found 
in aircraft welds. the weld failing by 
tearing away from the parent metal 
around it, leaving the weld as a button. 
is a function of the shear strength of the 











material, diameter of the weld and 
ness of sheet. In Fig. 7 are shown 
designs of good and poor welding. 


Miscellaneous Welding Notes 


Following are some precautior 
observe in designing spot welded ji 


(a) The number of spot welds a 
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Fig. 4 Conventional Euler-Johnson curve and, Curve 2, an allowable stress curve with 


variable secant moduli 
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Fig. 5—Typical column curves for a section which might be subject to failure | rough 


elastic instability 
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gint -hould be increased by 50 per cent 
f the number required as calculated 
from the design load and minimum 
trength per spot. to allow for variations 
n welding. 

(b} When a spot welded joint is sub- 
ect to reversals of stresses or extensive 
variation in stresses. the number of spots 
should be further increased by an addi- 
tional LOO per cent. thereby giving a total 
factor of 14x2. or 300 per cent. based on 
desigi load. 

(ec) Spot welds should be spaced two 
weld diameters apart. In the light gages 
this spacing can be diminished consid- 
erably without serious proximity effect. 


Fig. 6 Air Corps Specification 20011A_ for 
the minimum strength of single spot welds 
in she ar 


Fig. 7 —Examples of good and poor de- 
signs for spot welding 
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cages are designated 
as light (0.006-0.018  in.), medium 
(0.020—-0.040 in.) and heavy (0.045 
0.065 in. o1 greater). When the direction 


For convenience the 


of the applied load is such as to cause the 
weld to tear away at the end of the sheet. 
the edge distance should be 1%. weld 
diameters. To obtain full strength the 
weld should be at least one-half diam 
eter from the edge. 

(d) When welding — together two 
sheets of different thickness the shear 
strength of the thinner of the two should 
be used for design. Where additional 
shear strength is required for welds. the 


electrode diameter may be increased over 
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Fig. 8—Method of reinforcing a weld by 
means of a strip placed over the thinner 
of the two sheets 


that recommended for the particular 
gage. since the strength of the weld is 
proportional to its diameter. Where 
sheets of different thickness are to be 
welded together the shear strength may 
be increased by welding a strip of sheet 
over the thinner of the two to make the 
thickness of the combination equal to 
that of the thicker. The joints shown in 
Fig. 8 will develop the full shear strength 
of the 0.020 in. sheet. 

(e) Annealed stainless gives weld 
strengths 40 per cent lower than those 
obtained in full hard sheet. Other grades 
do not differ appreciably. 


(The concluding part of this article 
will appear next month.) 
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i EL TANK JOINTS can be made 
liquid-tight by proper rivet spacing 
and by coating the seams with an oil- 
resistant slow heavy 


drying. phenolic 


resin varnish. In some cases a gasket of 
varnish-dipped cotton tape or cork is in- 


cluded. 


grooved rivets are often used to retain a 


Special countersunk washers o1 
seal of varnish. Before the joints are 
assembled all contacting surfaces. rivet 
holes. rivets and screws are coated with 
the varnish. The riveting operation is 
performed while the varnish is tacky. 
Joints pictured on this page are taken 
from airplane constructions. and are 
capable of withstanding 15 Ib. per sq.in. 
Screws used in attaching fittings are 
locked in place in pairs by a wire which 
passes through a hole drilled in the head. 
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| T7ATER-TIGHT JOINTS and fittings 
LIQUID-TIGHT RIVET SPACING WF oli ier eat Go 
For 17ST Aluminum Alloy Round Head Rivets and Plate angrier ign tap ar orcigal edieeanedi conse 

on as fuel tank joints. Neoprene-impreg 

— RIVET EDGE PITCH PITCH pera nated tape. wet with kerosene to make it 
THICKNESS DIAMETER DISTANCE SINGLE ROW DOUBLE ROW RIVET ROWS sticky. is used for straight seams. Domet 
0.023 in. 3/32 in. V4 in. 3/8 in. 13/32 in. 5A in flannel or cotton tape soaked in a water 
0.029 ie Vy 3/g 13/39 se resistant soy bean oil varnish or in marine 
0.036 Yo Ve Vy v7 =F glue is used at corners and complicated 

16 32 joints. All contacting surfaces, rivet 

0.045 5/32 Ve 5/8 23/39 i: holes. rivets. and screws in these joints 
0.05] 5/32 3/e 5/8 23/39 '/ are varnished before the joints are as 
0.064 3/6 Vg 3/4 1 3/32 1/7 sembled. Excess varnish is removed with 
0.031 fe 15/50 ; 1% 5/g ; solvent before it has dried to save time 
0.100 Vib 19/39 11%, 15/6 5/54 in the painting operation. Seams made 
EL 7 ie IV 2 6 She in this manner are capable of withstand 
ing 15 |b. per sq.in. Practically all 

a a. 2 es i Ff 3 */32 1% metallic parts of these joints are con 
L_9.2 / i /6 I | 2% 3 /g 1 7/16 structed of aluminum alloy for lightness 
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Backing for a Horseless Carriage 


H. I. PHILLIPS 


Because this article, 
Phillips in the New 
Associated Newspa- 


| Editor's Vote 
written by H. LI. 
York Sun and the 
pers. Incorporated. presents an extremely 
interesting and adequate coverage of its 
subject. we reprint it here with permis- 
sion of the author. 


THEN 


A man demonstrates a horseless cat 
backing. He 
says his name is Henry Ford. 

Nobody knows him. 

He says he needs about $2.800. 

He gets it. 

The business starts. 


riage and asks financial 


It prospers, 


TODAY 


\ man demonstrates a horseless cat 
riage and asks financial backing. He says 
his name is Ford. 

Nobedy even asks his first name after 
he mentions $2.800. 

He goes to some wealthy men who tell 
him “this is no time to take chances.” 

He goes to a banker. The banker says 
a horseless carriage might go all right. 
but the bank is putting all its money into 
government bonds. 

He goes to a close friend who expresses 
the belief a 
have a future. but that on account of the 


horseless carriage might 
economic setup. the unbalanced budget. 
the inflation scare. ete.. it is no time to 
launch a pew project. 

He goes to another close friend. who is 
quite delighted with the horseless buggy 
but who “isn’t putting any money into 
anything now on account of the European 
situation.” 

He goes to a politican with financial 
connections. The politician says a horse- 
less carriage looks okay on paper and 
might be profitable. but that to replace 
the horse and buggy would be to throw 


blacksmiths. hack feed 


workers, harness makers, etc.. out of work 


drivers. store 
and bring on a revolution. 

He finally locates a couple of capital 
ists who have imagination enough to see 
a future for the automobile. but he drives 
them out by predicting that “they will 
make millions.” 

He decides to trv Wall Street. 


The SEC 
The car works perfectly. but the commis- 
Ford against undue 
optimism and overstatement. It holds up 


demands a demonstration. 


sion cautions Mr. 
everything while it makes a six months’ 
inquiry to see if his right name is Henry 
Ford. 

\ broker agrees to float stock. 

The flotation is rendered difheult by 
SEC rules that lines in the advertisements 
such as “may ultimately become as popu- 
lar as the horse” and “destined in time 
to come into general usage on city streets” 
be deleted in the interest of honesty. 

Ford Wall Street. 


$2.800 from a group of friends 


quits finally 


gets 
Heaven 


knows how-——and starts a small shop. 


Labor delegates warn him that for 
everv man he hires to make an auto he 
must hire at least one livery stable 
worker. 


There are a series of strikes. They are 
referred to the NLRB. 

The NLRB investigates for a year and 
a half and files a report charging that a 
horseless carriage industry is unfair to 
and that Mr. Ford means 
to create industrial slavery. 


whip makers. 


There are frenzied speeches in the Sen- 
ate and House in denunciation of the new 
invention by orators who speak as “a 
friend of that noble animal. the horse.” 

The President names a Commission to 
Inquire Into the Aspects of the Horseless 
Carriage With a View to Possible Effects 
on the Economic and Social System. 

Mr. Ford goes into bankruptcy. 

He scraps the auto and decides to raise 
Belgian hares at home through six simple 


lessons. 


Motor Connection Diagrams 


To the Editor: 

We regret very much that an error ap- 
pears in the Reference Book Sheet of con- 
nection diagrams. Product Engineering. 
May 1939. page 224. This error is entirely 
ours. Referring to the last line in the 
table of connections in the upper right- 
hand corner of the page for Two Winding 

Three Speed. Three Phase. Constant 
ASA 6. 3.725 1938. L 
should connect to T,,. Lo to Ty. and T 
and 3. to. Ty. W. S. Ricsy 


Heagner Electric Corporation 


Hor se powell 
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Wrench 


To the Editor 


Phe accompanying diagrams and tabl 


Clearances 


give recommended minimum corner clea! 


ance and bolt center dimensions 


socket wrenches. and recommended mil 


mum corner clearance and_ bolt cente! 
dimensions tor open end wrenches. The 
dimensions have been tried and found 


accurate. —lL. R. Russel 


Vilwaukee. 


Ring Stresses 


To the Editor: 


The problem of computing the =tresse> 


in rings similar to the ones shown her 
A total load of / 


is uniformly distributed around t ring 


has long bothered me. 


This uniformly distributed load may 
assumed to pass through the center ¢ 
gravity of the ring parallel to the ring: 
axis. The ring is supported by eitier tw 


spaced lugs at po! 


or three equally 
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equidistant from its center. Have any of 


the readers of Product Engineering a gen- 
eral solution for this problem? 
R. L. JENSEN 


Le Roy, N. r. 


ls Industrial Design 
a Profession 7 
To the Editor: 

[ am writing to ask whether. in your 
opinion, Industrial Design should be elas- 
sified as a profession—in the same way 
that we rank an artist. engineer. doctor 
or lawyer. We feel that it is a “profes- 
sion.” but would Jike to have an opinion 
from an impartial source. 

RayMonp Loewy 


Veu York. N . Y. 


Strength of Thin Pipes 
To the Editor: 


The strength of thin pipes under in- 


ternal pressure is generally calculated 


Pd 


from the formula S in which S is 


fiber stress in lb. per sq.in.. d is internal 
diameter in in., t is wall thickness in in. 
The formula may be applied for estimat- 
ing the bursting pressure affecting the 
pipe wall rupture. In that case S corre- 
sponds to the ultimate strength of pipe 
material. 

\ question may arise whether the tan- 
gential ultimate strength of material in 
the pipe is equal to the ultimate tensile 
strength of material used for manufactur- 
ing the pipe or not. I believe that the 
ultimate tangential strength of material 
in the pipe will have considerable devia- 
tions. depending on the method of manu- 
lacturing the pipes, 
welded pipes, etc. I 


seamless pipes. 
remember certain 
issued for boiler 
prescribing strength of material 
tested across the fibres 20 to 25 per cent 
lower ‘han strength along the fibres. The 
lundayiental formula relates evidently the 
‘treng'h across the fibres. It would be in- 
leresti.g to know what relationship exists 
betwe tangential and ultimate tensile 
‘treng:: of material in the pipes. For 
pose, sample test pieces should be 
‘ul Irom pipes, larger sizes are prefer- 


regul; trons 
plates 


testing 


that p 


able.) cross and longitudinal direction. 
The r sults of such tests might throw 


Augu-!. 1939 


light on l-in. and 2-in. welded pipe tests 
performed by the Bureau of Standards 


No. 4, 


pipes 


(see Journal of Research, vol. 4. 
April. 1930). The tests of 2-in. 
showed that the ultimate 


strength of material in the pipes is 1 to 


tangential 


9 per cent higher than the ultimate tensile 
strength of material used for manufactur- 
ing. Actually. a certain weakening of the 
pipe wall by welding process results in 
an inverse 


relationship of the above 


strengths. Vicevor TATARINOF! 


Pilsen, Czec hoslon ak la 


Nomogram for Length 


of Rolled Material 
To the Editor: 


Several years ago you published a 
small nomogram for the length of mate- 
rial in a roll, but it was of limited appli- 
cation because only four separate inside 
diameters were assumed. In the chart 
given here the inside diameter is one of 
the variables, ranging from 2 to 30 in. 
Outside diameter is included up to 34 in., 
and thickness of 
0.0225 to 1 in. 


The nomogram for the length of ma 


material ranges from 


terial in a roll is the graphical evaluation 
of the well known equation. 


0.0655 
d° 
t 


in which L is the length of roll in feet. d 


351 


and D are 
ters of the 


the inside and outside diame. 
roll, respectively, and ¢ the 
thickness of the material, all in in. The 
formula assumes the roll to be not spiral, 
but made up of concentric circles, which 
generally involves a negligible error 

To use the chart most conveniently, 
draw a pair of lines crossed at 90 deg. on 
tracing cloth, waxed paper, or celluloid, 
and shift this templet over the chart until 
three of the legs pass through the given 
Then the 
fourth leg will cut the remaining scale 
at the required value. In the position of 
the templet shown in the chart, the in. 


values on the several scales. 


material is wound on a mandrel 15 in. in 
diameter to an outside diameter of 29 in., 
and its length is found to be 1290 ft. by 
the fourth leg on the bottom scale. One 
of the lines of the templet must always 
cut the two parallel scales D and d, and 
the other line the angled scales ¢t and L. 
For clarity. small circles are shown on the 
scales at the significant intersections of 
the computing secants, and they are in- 
terrupted where the are to be no inter. 
sections. 

Since the material will not generally be 
wound tightly on itself, ¢ includes a clear- 
ance. which may have to be determined 
experimentally. 

This somewhat unusual form of nomuo- 
gram, embracing two angled and two par 
allel scales. graphically solves any equa- 
tion including a function of four vari 
ables. in which the sum (or difference) 
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of two of them equals the product of the 
other two: and has the merit of requir. 
ing only a single setting of the templet. 
Of course, the transparent templet is not 
drawn 
across the known scales. and the other 


necessary. as one line may be 


from the point on the third scale. per- 
pendicular to the first line. by using the 


corner of a sheet of 


paper as a right 
Cart P. Nacuop 


\achod & U.S. Signal Compan) 


angle. 


That Milkmaid Problem 


To the Editor: 


[ believe your milkmaid problem = on 
page 210 of the May number could have 
been made more interesting if the ques- 
tion had been asked how to obtain 13 gal. 
in the 14 gal. container and 1 gal. in the 
5 gal. container. 

Furthermore. of all the 60 combina- 


tions in 


which 14 gal. may be divided 


among the three given containers, only 
28 of these combinations appear possible 
to obtain. Davin Linpgutst 

Chief Engineer 
Otis Klevator Comovan» 


More Canny Measurement 


To the kditor: 


In the June number of Product Engi- 
neering, page 257, is published the solu- 
tion to the problem of isolating 7 gal. 
from 14 gal. of milk contained in a 14 


val. container. by 


using as auxiliary 


measures only a 9-gal. and a 5-gal. can. 
This is a special case of the very inter 

esting general problem. as follows: 
Let the capacities of three containers. 

1, B. and ( 


val. where a is even and a b+ c: and 


be respectively a, b, and « 


let m be the greatest common divisor of 


a, b, and c, so that a ma, b mb’, 

( me’. Then a 2 moves are neces 
ae a 

sary and sufficient to isolate gal. pro- 


vided a’ is even; if a is odd. it is im 
: a 
possible to isolate -) gall. 


theo- 
rem is somewhat surprising. The number 


One consequence of the above 


of moves is wholly independent of the 
values of 6 and c. but depends only upon 
a and m. Thus, in the problem you pub- 
lish, twelve moves are required for b 1] 
and c = 3,.or for 6 = 13 and c = 1..Simi- 
larly. 38 moves are required to isolate 20 


val. from a 40-gal. container if 6 = 27 


9 


and ( 13. or if b bt and Cc oOo, OF 
for any other choice of 6 and ¢ so long as 
there exists no common factor of a, b, and 
c. But if 6 15. then a’ 8. 
b= 5, ana c 3. in which case only six 
moves are required to isolate 20 gal. 


25 and c 


This seems to be an instance. trivial 


though it mav be. of the danger of using 


“cut-and-try” methods of solving certain 


problems without formal 
Although I am not 


a professional engineer | have had con- 


recourse to 


mathematical analysis. 


siderable experience in engineering prac- 
tice and in environments. 


and have found too often among engi- 


engineering 


neers of the self-stvled “practical” sort 





the disposition to depend upon “« 


try” methods in cases where 


mathematical analysis might not = onh 
save time. but would avoid results 
are either insufficient or inaccurat 

L. S. Jou. sto, 

Professor of Mathe» atics 


University of | 


Expansion Ring Clutch 
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To the Editor: 

The essential dimensions of an expan 
sion ring clutch are given on the accom- 
panying drawing. The lining is of asbes- 
tos friction material with a coefficient of 
thick. The 
rotates at 650 r.p.m. A force of 
570 Ib. is exerted against the free end of 
the expansion ring. This force is exclu 
sive of the self-energizing effect. 


friction of 0.55. and is 7s in. 
driver 


1 would like the answers to two ques 
tions concerning this clutch. The first on 
is. what is the radial pressure betwee 


the expansion ring and the driver caused 


bv the 570 Ib. 
would be the maximum safe horsepows 
to transmit through a cluteh of this d 


force. 


sign and size with these conditions. 
Witt F. 
Racine II 


C.RUIs 





Can You Work This One? 


H. E. 


Solution to July problem 


Ferdinand the Bull 


Ferdinand, the bull. was left standing 
at the end of his 100-ft. tether. the other 
end of which was tied to one corner of a 
25-ft. square barn in the middle of a large 
grassy plot. He. in all his dumb magnifi- 
cence, was vainly trying to figure out the 
total area of grass upon which he could 
graze. Unless he knew the value of 7 to 
about ten decimal places. the best ans- 
wers he could get would range between 
30.290 and 30.300 sq. ft. In order to get 
the exact answer, use of the longer = 
value would be required. 


SMITH 


This month’s problem 


Keeping the Guards Away 


\ servant was ordered to deliver to His 


Royal Highness, the King. one apple fron 


the most highly prized tree. This tree was 
closely guarded by three men. In order to 


get the one apple to fill his orders, th 
servant was told to pick several 
and then. as he met each = success!’ 
guard, to give each man one-half of the 
number of apples he carried, plus one 
half an apple, without cutting, slicing. © 
breaking. The servant, being a cleve! 
man, was easily able to figure «ut the 
number of apples required. What \as it 


Propuct ENGINE! RING 


Secondly whit 


“OME WHE 
eatmer 
) pha 
shly s 

stantial] 
eina 

s ther 
ith tor 
1-like 


News 


Glass Produced by New Process 
Has Properties of Fused Quartz 


Coefficient of expansion of new glass is one-quarter that of 
previous low-expansion glass. one-tenth that of regular glass 


)' GREAT IMPORTANCE in that it 
| will offer 
terial similar to fused quartz. a new 


at an economical price a 


wexpansion glass has recently been 
eloped in the Research Laboratories 
Corning Glass Works. Whereas fused 
tz is not a mass-production com- 
lity. indications are that this new glass 
duct can be manufactured by volume 
luction methods and at resultant low 


\{ remarkable point about the new 
wess is that articles made by it shrink 
about two-thirds their original volume, 
t show no distortion of form. This 
eans a linear shrinkage of 13 per cent. 
hnical description of the most. im- 
rant steps in the new Corning glass- 
The start- 
x object. such as a disk. glass. beaker 


iking methods is as follows: 


tube. is produced from certain special 
kes of borosilicate glasses which are 


wmewhat unstable. By means of a heat- 
eatment these glasses are separated into 
) phases. one being high in silica and 
shly stable. the other containing sub- 
‘tantially no silica and being very solu- 
eina common acid. This second phase 
‘then extracted by leaching in an acid 
ith for some time. which leaves a skele- 
like structure of 


high-silica glass. 
vithonly 64 per cent of the original body 
the glass remaining. 
\t this stage the surface feels rough 
the touch. but does not feel porous. 
tually it is filled with sub-microscopic 
iMillaries or air spaces. The porous 
‘lass body is then fired at a vitrifying 
mperature: this condenses the structure 
a clear. solid mass. It is during 
‘heating that the shrinkage occurs. 


In it- completed stage the glass is 
actically 96 per cent pure silica, and 


in be dipped into a vat of ice 
Iter he 


water 
ting to a bright cherry red color 
'h no injury whatsoever. The quartz- 
Xe ma'-rial can be used up to 1,000 deg. 
m Its soften- 
It has a 


msiderable periods. 
= port is at 1.442 deg. C. 


‘heie st of linear expansion of 7.8 to 
', as compared with 32. to 
\ugus 1939 


32 10° for previous low expansion 
glass. and 5.5 to 5.8 « 10% for fused 
quartz. 


The new process marks a climax of 
16 years’ research in heat-resistant glass- 
ware. Although miniature pilot) plants 
have been operating for several months. 
Corning engineers estimate that at least 
two vears will be required to put the 


process on a mass-production basis. 


\Vew Standard Clarifies 
Cutting Tool Terms 
gee SING SITUATION in which 


a tool may be called a left-hand tool 
in one company but may be known as a 
right-hand tool by another. was clarified 
by a new standard on single-point cutting 
tool terminology approved recently by 
the American Standards Association. The 
standard is divided into six sections: tool 
elements, tools, tool angles. 
working angles, general tools. and sym- 
bols. 
The need for agreement on a standard 
vocabulary has long been recognized by 


types of 


the A.S.A. The final proposal, approved 
by the A.S.A. Committee on Small Tools 
and Machine Tool Elements, was recom- 
mended by the Society of Automotive 
Engineers. the National Machine Tool 
Builders’ Association. and the American 
Society of Mechanical Engineers. General 
adoption of this standard, listed as B5.13- 
1939. will simplify transactions and avoid 


confusion which may prove costly. 


7 


Automobile Engineers 
Seek New Plastics 


\ UCH DEVELOPMENT WORK is 
LVEe needed before plastics will be suit- 
able for general use in automobile body 
construction. according to recent. state- 
ments made by leading automobile manu- 


facturers. Before they can be used as 


we) 
Jt 
wy 


raw materials for cars of the future. plas 
tics must be given the strength and rig 
idity of alloy steel. the ease of forming 
and shaping of potter's clay, the tough 
ness of sugar maple and the high pre 
cision surface finish of tool steel. said 
Gordon Saunders. staff officer of Chryslet 
Corporation. 

Suitable chemical dyes are needed to 
match painted metal bodies. stated Dr. 
J. L. Laird of the Ford Motor Company, 
in explaining the reasons why plastics 
are not used now in engine hoods and 
doors. One of the greatest drawbacks 
is the large production time per unit. 
tving up expensive equipment. Also. if 
plastics are to be used for body parts. 
some provision must be made for repair 
ing damages. 

The principle application of plastics in 
automobiles at the present is for interiors. 
\utomotive engineers. who now. specify 
plastics for moldings, knobs, instrument 
panels, steering wheels, are considering 
the introduction of interior color by using 
plastics in the ceiling in place of fabric. 

Research engineers, only temporarily 
set back by the difficulties now encoun 


tered. are 


seriously studying 


plastics 








Half the weight, horsepower for horse 


power. of ordinary motors, the high 
power motor in this router operates at 
high frequency. These new constant 
speed machines. developed by the Sawyer 
Electrical Manufacturing Company. have 
Used 


by Douglas Aircraft Company, the high 
lrequency 


no gears. commutators. or brushes. 


router is said to have in- 
creased routing speed from 4 ft. up to 
12 ft. per min.. on aluminum parts. 
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Chemical-resistant glass js the only 


liquids 
come in contact in this centrifugal pump 


material with which corrosive 
a significant example of the application 


of glass for mechanical parts. Its glass 


rotor, accurately balanced. runs at high 
speed without appreciable vibration, and 
handling 6.000 gal. of 
liquid per hour at a head of 70 ft. In- 


is capable of 


terior of the pump, which was developed 





8 iy pundit era ETS 


by Nash Engineering Company and Cor 
Works. can be 


through the clear glass while in operatio: 


ing Glass watched 


For cleaning. the pump can be taker 
apart and reassembled in a few minutes 





from the point of view of cutting down 
weight on all non-load-bearing parts. It 
will only be a matter of time and re- 
search, according to a prominent plastics 
engineer, before a material will be de- 
veloped which has all the desired prop- 
erties of strength, good finish, speed of 
production and Then, 
and only then, automobile bodies will be 
successfully built with “rubber” fenders. 


heat-resistance. 


New Device Measures 
Surface Smoothness 
een enough to indicate the 

his 


differences in thickness of a finger- 
print on a piece of glass, a new surface 
indicator is used to determine the smooth- 
ness of metal or painted surfaces. Varia- 
tions of as little as one millionth of an 
inch are clearly indicated by this instru- 
ment, developed in the General Electric 
Works laboratory. By its application, the 
surfaces of bearings or other moving 
parts of motors and parts of machines 
that are subject to wear can be tested 
and their smoothness indicated. 
The apparatus resembles a_ phono- 
graph. The object to be tested is placed 
on a turntable, and a sapphire-pointed 
stylus or needle passes over the test ma- 
Small mechanical 
impulses, created as the hard point of the 


terial as it revolves. 


needle rides over surface irregularities. 
are converted into electrical impulses by 
an electromagnetic pickup. They are then 
amplified and transmitted to a recording 
meter where the surface characteristics 
are graphically indicated. 

The stylus or needle is so sensitive that 
when it is placed on the revolving metal 


turntable, the invisible vibrations estab- 
lished by a person whistling are shown on 
the recording meter. 


Practicability of 
Gas Turbines Proven 
OWER OBTAINED DIRECTLY from 


burning fuel in a gas turbine, the 
dream of inventors since 1791, is now a 
reality. according to Dr. Adolph Meyer. 
Director of Brown’ Boveri Company. 
Baden. Switzerland. Originally developed 
to supply power for supercharging high- 
pressure, steam-generating Velox boilers 
and diesel engines, the gas turbine has 
been found a practical. cheap and com- 
pact source of primary power. a factor 
of importance far outweighing its origi- 
nal application as an auxiliary power 
source. 

The gas turbine operates on the same 
principle as the diesel engine, but is as 
much different in appearance and con- 
struction as the steam turbine is from 
the steam engine. It produces power di- 
rectly from burning oil in one compact 
unit and delivers it on a rotating shaft 
without cranks, valves, timing mechanism 
or expensive auxiliaries found in even 
the most modern of our present power 
plants. 

No one expects, said Dr. Meyer. that 
gas turbines will 


immediately replace 


steam turbines or internal combustion 
engines as the principal source of out 
electrical power. At present such applica- 
tions as railway locomotives, high-pow- 
ered ships such as destroyers. and steel- 
mill blast furnaces are being studied as 
they afford fields wherein the compact- 


ness of the gas turbine and its ability t 


produce large quantities of compressed 


air have definite advantages over any 
other equipment now on the market. 

Steam turbines are now being operated 
with steam at 1,200 Ib. per sq. in. and 94 
deg. F. Present gas turbines use temper: 
tures up to 1,030 deg. F. 
are that it will be soon possible to I 
crease the temperature to about 1.20 
deg.. thereby obtaining a material in 
provement in efficiency. 

It is too early to predict what tren 
the future development of the gas tu 
bines will take, but there no longer re 
mains any question of the practicabilit 
of these units. Gas turbine and compres 
sor sets have operated as an auxiliary 
to Velox boilers since 1930. Two unit: 





MEETINGS 
AMERICAN SOCIETY OF MECHANICAL Ex: 
GINEERS—Joint meeting with the Institu 
tion of Mechanical Engineers of Great 
Britain, New York City, September 44 
C. E. Davies, secretary, 29 West 39th St. 


New York. N.Y. 


INSTITUTE OF THE AERONAUTICAL SCI 


eNcES—International Congress of _ the 
Aeronautical Sciences. New York City, 
September 11-17. Lester D. Gardner 


Secretary, 5111 R.C.A. Bldg.. R 
Center, New York, N. Y. 


ete ller 


NaTIONAL MACHINE Toot Butpers As 
SOCIATION—-1939 Machine To: Shou 


Cleveland, Ohio, October 4-13. T. Fer 
ner, director of public ity, 1525 arnegie 
4ve.. Cleveland, Ohio. 

PACKAGING INSTITUTE First annua 
meeting, Edgewater Beach Hotel. ( hicag' 
October 13-14. H. L. Stratton. retary 


342 Madison Ave.. New York, \. ) 
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have each served oil refiners two years 
or mo and another has seen service 
in Naples. Italy. for over two years. 


There are now ten additional similar units 
under construction or on order, and some 
of these will shortly be in full operation. 
A 2.000-hp. locomotive only 60 ft. long 
is now being constructed for the Swiss 
Federal Railway. 

An interesting application of the gas 
turbine. and the only one to date de- 
signed primarily for power production. is 
the bomb-proof emergency station for the 
city of Neuchatel. Switzerland. It is 
buried in a tunnel. One of the advantages 
of the gas turbine power plant is that no 
cooling water is required. Another. is 
that it can be completely inclosed in a 
tunnel with nothing entering except a 
fuel line and air supply and nothing 
leaving but exhaust gas and a powe1 
cable. 

Other possible applications for the gas 
turbine are found in’ steel plants and 
themical plants which have available as 
by-products large quantities of waste gas 
which can be turned = into power. The 
same situation exists in many of the oil 
fields where excess natural gas can quick- 


ly and cheaply be converted into elec 


trical power, 
Development in these fields has led to 
new applications of gas turbine equip 


ment for 


blast-furnace installations. In 


these gas turbine plants. of which three 


have been ordered up to now. part of the 


blast furnace gases are burned in the 
combustion chamber of the gas turbine. 
An amount of air representing the net 
output of the gas turbine plant is ex- 
tracted from its blowers and delivered to 
the furnace as blast. 


Torque Preferred 
For Rating Engines 


REFERENCE for the use of torque 

instead of horsepower as a means of 
rating automobile engine performance 
was indicated in a_ poll of engineers 
taken at a recent conference of the Alu- 
minum Cylinder Head committee of the 
Aluminum Association. Pointing out 
that horsepower rating means little to 
the average car owner, one prominent 
engineer stated: “A properly designed 
engine of relatively low horsepower could 
out-perform a high horsepower engine 
under practically every condition in which 
an owner would drive his car.” 

Since not one per cent of the auto 
mobiles on the road today are ever driven 
under conditions which permit the en 
gine to develop peak horsepower. engine 
performance rated in lb. ft. of torque 
at 1,000 r.p.m. would be a far more ac 


curate measure of performance than the 


rated number of horsepower the engine 


ean develop at peak horsepower speed. 
Stating that some automotive power 


355 


plants have actually been modified to 
raise the horsepower rating for adver- 
tising purposes, with a sacrifice of per- 
formance in the lower speed ranges 
where most use occurs, the engineers 
added that today’s need is for a good 
75-hp.. high-cor ssion, high-torque en- 
gine. Educationat campaigns were sug- 
gested to acquaint the public with the 
real significance of torque-rating as com- 


pared with horsepower-rating. 


Do You Know That— 


PROBABLY THE WORLD’s FIRST form of 
the telephone was used by Shi Huang Ti, 
that ancient Chinese emperor who com- 
bined conquest with construction. His 
communicating system was a rudely con 
structed hollow brass tubing extending 
between guard stations placed at close 
intervals along the 1.500-mi. Great Wall 
of China. (21) 


ALUMINUM-COATED ceramic granules 


are used for pebble dashed asphaltic 
roofs and shingles. The aluminum reflects 
the sun’s rays. keeping the roof and the 
rooms below cooler. and adds reflected 


light to windows facing the roofs. (22) 


INTO EVERY MODERN AUTOMOBILE goes 
from 40 to 60 Ib. of rubber. in addition to 


tires and tubes. (23) 


Low-Priced. Light-Weight Tractors Designed to Serve Small Farm 





Designed to replace the horse in small farms. this new 


Ford tra 
draft pl 
depth, S 
off the oy 
Hydrau| 
L-head ‘ 
ally in t 


controls make operation 


speeds { 
i) m.p.h 
permits 


August 939 


'r costs $585, and features the Ferguson hydraulic 
iple which keeps implements at a predetermined soil 
eging of the implement tends to raise the rear wheels 
nd. preventing tractor tip-over or damage to the tools. 
simple. The 4-cylinder 


Farmall-A tractor, recently announced by 


crankshaft, overhead valves, and precision bearings; 





For the small farm and for light work on larger farms, this 


International Har 


vester, will sell at $515. Able to plow 2-3 times as much in a day 
as a team of horses at a cost per acre one-quarter as great, the 
tractor features Culti-Vision construction, with its engine offset to 
the left to permit full view of the field. Engine has 3-in. bore 
ne develops 2 b.hp. Cast steel parts are used liber- and 4-in. stroke, replaceable cylinder sleeves. 
onstruction of this light-weight machine. With three 
ard and one reverse, the tractor has a top speed of 
dependent braking of the rubber-tired rear wheels 
‘0-in.-wheelbase tractor to turn in a 15-ft. circle. 


Tocco-hardened 
fuel con 


sumption is one gal. per hour at full load. Farmall-A has four 
forward speeds, independent rear wheel braking, minimum turn 
ing radius of 9 ft.. and top speed of 10 m.p.h. for road hauling. 








New Materials and Pa 





Circuit Breaker 


This new unit, designated as type MO 
Multi-breaker, is for use with grinders, 
tools. and in 


milking machines. utility 


other locations where a_ disconnecting 


switch and over current protection is 
needed, in the home. shop, store or farm. 
The unit is compact, being 6'x in. high, 
+ in. wide and 27x, in. deep. Adapted to 
flush or surface mounting. It is factory 
calibrated and sealed and will always in- 
terrupt the circuit under the same over- 


load conditions but will not open the ei 





euit during the brief periods of high in 
rush current encountered in starting mo- 
tors. There are no parts to replace to 


restore service. Available in 15-, 20- and 


25-amp. sizes for 115- or 230-v. single and 
two pole applications where type DD fus 
ble switches have been used. Square D 


Co.. 6060 Rivard St.. Detroit. Mich. 


Individual Drive 


Punch presses and similar types of ma- 
chine tools can be converted to individual 
1750-1800 

patented 


motor drives using standard 


rp.m. motors with this new 


*\Nodern” 


\ny desired operating speed in the usual 


individual punch press drive. 


ranges can be obtained by speed reduc- 
tion through V-helt and sheave drives. 
Phe final drive runs directly on the fly- 
wheel of the press without alteration or 


grooving. Construction is such that 





proper belt tension is easily maintained 
through utilization of motor weight. The 
complete self-contained unit can be 
mounted entirely within the floor lines of 
the machine base. Quality Hardware & 
Machine Corp.. 5847 North Ravenswood 
Ave.. Chicago. IIL. 


Contactors 


For use on machine tool control and 
other built-in control applications. this 
new line of multi-pole contactors are as- 
sembled as complete units on steel bases 
suitable for mounting on insulating o1 
steel panels as part of the controller. The 
relays. rated at 10 amp., 500 volts. maxi- 
mum, are arranged for front wiring of all 
connections. All terminals of the type 
Dn-OO contactors are designed for easy 


access. Available in 2 to 8 pole forms in 








any combination of normally open 









closed contacts which may be required fo; 
complicated control system. \ esting 
house Electric & Mfg. Co.. 1D); T-N-20 
East Pittsburgh. Pa. 
Electronic Switch 
Model ES-15 electronic switch. ¢ 
signed to eliminate the possibility of co shite In 
tact arcing and welding on such equ na tint 
ment as thermostats, limit-switching plied in 
mechanisms, contact making devices r ind wou 
quiring very low contact pressure n. The 
limited movement. employs an electror ther th 
tube to actuate a circuit relay. Inpu te Cor 
such as through the contact of a then \. } 
stat, is connected to the tube which 
quires a control current of about 
microamp. and which permits a cont 
resistance to 1 megohm. The relay — 
tacts are rated at 3 amp. on 110 v.. 50-« prit 
which h; 
ibber 
with a h 
shter. ; 
lutch. | 
re ap| 
ovides 
surl 
billie ans 
ingulari 
btained 
ire rive 
to the ch 
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60-cvele non-inductive a.c. circuit. Ove 


all dimensions are 5!¢x 5°. x34 


Operation can be maintained at ~peeds t 
900 complete cycles per mi Unite 
Cinephone Corp.. 43-37 33rd = t.. Lon 


Island City, N. Y. 


Polystyrene Insulation 





All of the advantageous pro ties | 
are found in Bakelite polystyrene me! 
ing material are incorporated this me 
film which has been developed espe 
for uses such as wound cap ucitors 
radio sets and other types lectrité 
equipment. The electrical properties 
this film will remain constar’ evel 
varying temperatures. The fi Ss wa 
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is encountered. and the plain rubber 


squeegee tread where the slippage is 
small. Clutches are given special treat- 
prevent disintegration by oil 
fumes. Designed to 


disk and other plate elutches in various 


ment to 


replace multiple- 


installations. a complete line of Airflex 
clutches is now being developed for in- 
dustrial purposes. Thomas L. Fawick 


0.. Akron, Ohio. 


Furnace Controller 


Designed to balance the heating rate 
of furnaces. ovens, and heaters. to meet 
varying heat requirements. the Rheotrol 
is a simple. easily-adjusted input con 
troller 





which substitutes rotating cam- 


operated switches for power consuming 
resistors. thereby effecting a considerable 


(le 
white in appearance, but may also be had 
CO c . 
sain natinted shade of purplish black. Sup- 
th plied in ribbons 1% in. and 2'% in. wide 
hing . ‘ 
A ind wound on spools to a diameter of 4 
: n. The standard thickness is 1 mil. but 
ms ther thicknesses can be supplied. Bake- 
- ite Corp.. 247 Park Ave... New York. 
as On Y 
h I 
se Rubber Clutches 
nti 
\ new type of mechanical clutch. using 
50) 


tread 
which has many narrow vanes or ribs of 


the principle of the automobile 
ibber which cling to the road surface 
with a high degree of adhesion. is much 
lighter. and simpler than the conventional 
lutch. Because of the flexibility of pres- 
\irflex clutch 


provides uniform pressure on every sq.in. 


sure application, the new 
surface. is self-adjusting. and = can 


take care of a reasonable amount of 
ingularity and misalignment. Adhesion is 
btained through the friction liners which 
ire riveted to brass plates vulcanized 
to the clutch gland on both the expanding 


ind contracting types of clutch. Two dis- 





tinct types of lining are used. a friction 
ning where loads are to be 


sraduall \ 


picked up 





ind where excessive slippage 





reduction in power consumption. 





Step- 








less “on-off” control of heating rate is 
effected 


Available with a contact load capacity of 











once every minute interval. 








10 amp. or 35 amp. in a non-inductive 
110 v. a.c. circuit. Wheeleo Instruments 
Co.. 1929-1933 S. Halsted St.. Chicago. 


Ill. 




























Copperspun Rotor 






\ new squirrel cage motor rotor. cen 


trifugally cast in one piece of copper, 
combines the good electrical properties of 
copper with the indestructibility of a one- 
piece rotor winding. The rotor. after the 
centrifugal casting operation. is 
rately machined. and is dynamically )al- 
anced to a high degree of accuracy after 


assembly. The use of copper. made pos 
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accu- 





sible for the first time in one-piece rotot 


windings. permits higher running tem- 


peratures. Specially designed fans have 
been developed for this new rotor. Fair- 


banks. Morse & Co.. 600 S. Michigan, 
Chicago. Ill. 


Wrinkle Finish 


\ new resin: for wrinkling varnishes 
offers particular advantages in allowing 
an appreciahle length of time to elapse 


baking 


Also. with a proper selection 


between the spraying and _ thi 
operations. 
of the phenol gum used. the time of bak 
ing can be shortened materially to still 
hard, wrinkle 


The resin belongs in the class of 
a phenol modified. oil extended alkyd. but 


give an extremely tough 


finish. 
is a revolutionary departure from the 
usual method used in the manufacture of 
New Wrinkle. Inx 


such a gum. Dayton, 


Ohio. 


Collision Switch 


In addition to operating when tip-ove1 
occurs, this new tvpe of collision switch 
ises ot 


also opens the ignition circuit in ¢ 


collision when tip-over does not oceur. 


The switeh fegtures a weight held in place 
in a contact cup by spring tension. When 
collision i tip-ovel occurs. the Impact 
forces the weight out of the cup recess, 


breaking the 


tacts prevent loss in ignition cir 


circuit. Silver plated con 


uits and 














the switch has no breakable parts. Reset- 
ting is accomplished by lifting the knob 
in the top of the cover and replacing the 
weight in the cup recess. Available for 
battery or magneto type ignition. Elsbert 
Mfg. Co., Inc.. 353 West Grand Ave... Chi- 


cago, Ill. 


Votor Reducer 


Moto- 


reducer, this new motor drive provides 


Known as the Planetorque 


protection for any equipment that might 
jam or become overloaded. by shutting off 





instantly 


automatically and 


the motor 
when the load exceeds a predetermined 
value. Whenever excessive torque is im- 
posed on the output shaft. a heavy spring 
which normally holds the internal gear in 
position is deflected. This spring move- 
ment actuates the switeh. disconnecting 
the power. Planetorque Motoreducer can 
be supplied for horizontal or vertical 
drive in all horsepowers and = ratios for 
industrial use. Furnished for clockwise 
or counter-clockwise rotation. or for both 
if reversing service is desired. Philadel- 
phia Gear Works. Venango and “G” Sts.. 
Philadelphia. Pa. 


dircraft Motors 


Designed to meet the exacting require 
ments of aircraft construction. the Type 
EL-Y 


in the automotive and nautical field. and 


Aircraft Motor is also serviceable 


wherever a low voltage light weight unit 
is required. Weighing only 3 Ib.. it fea- 
tures a sturdy housing, and operates at 12 
or 24 yv. All screws are safetv-wired to 
Gearing is of the 


withstand vibration. 











spur type. It can be wound for 115 volts 
where an in-line drive is required. Avail- 
able from 1/20 to 1/16 hp.. and in speeds 
of from 200 to 1200 r.p.m. Dumore Co., 


Racine. Wis. 


Speed Indicator 


Providing an accurate and simple 
means of selecting from a remote point 
. 8. Varidrive 


motor, this device consists of a simply 


the operating speed of the [ 


constructed indicator meter. mounted in 
a compact box. Assembly of the indica- 
tor and push-button control in the same 
unit facilitates speed adjustment, since by 
pushing the high or low button the speed 
is immediately changed and this change 
registers on the indicator. The indicator 
is calibrated in divisions from 1 to 10. 





Seales calibrated to customer's require 
ments are also obtainable. Automati 
control equipment may be used. U. S. 
Electrical Motors, Inc.. 200 E. 


Ave.. Los Angeles. Cal. 


Slauson 


Pillow Block 


Series “D” light duty ball 


pillow block consists of 


bearing 
a specially de- 
signed Ahlberg single-row bearing in a 
sturdy and neat die-cast housing. The 


ball bearing is assembled to provide for 


shaft deflection and misalignment up to 


























| deg. Oilproof Neoprene seals are of a 


floating construction which eliminates 
friction and increases the life of both 
Standard shaft sizes 
l in., 144 


Ahlberg Bearing Co.. Chi- 


seal and bearing. 
are 1% in., >g-in., 34-in.. t8-in.. 
in. and 1 ¥%s in. 
cago, IN]. 


Pump Valves 


Pump valves and other valves —uhjecy 
to unusual abrasive or corrosive action 
are now being made of Kennan «tal, a 


new intermetallic compound of ty igsten 





titanium carbide. In experiments involy 
ing a tarry fluid containing grit. Kenna 
metal-tipped valves and = seats required 


only one replacement every one to tw 


weeks. whereas it had previously bee 
necessary to change as many as sev 


valves in 24 hours. Other tests indicate 


superior strength of Kennametal ball: 


and seats for oilwell pump valves. 17 


alloy can be supplied in any. desired 
shape for valve parts and in three grades 


having varying — physical 
McKenna Metals Co.. 178 Lloyd Av 
Latrobe. Pa. 


Circular Seam H elding 


Designed for use in attaching met 
end fittings and seals to metallic tubu 
by resistance welding. this developmer 


permits the fabrication of complet 
sealed vacuum tight units free from so 
dered. brazed or toreh welded joints + 
anv kind. Electric resistance welding ¢a 
be used in this method n conditio 
where exceptionally high temperatul 


° . ' ] 
and activelv corrosive elements preclu 


even the use of silver solder. Circumt 
ence seam welding. made — possi 
through the development ol specializ 


equipment. operates automatically al 
eliminates entirely the human eleme! 
present in other welding or soldering p! 


cedures. 
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an be handled with ease. and metals of 
like thicknesses or unlike analyses can 
also | joined. Chicago Metal Hose 
Corp.. $11 South 3rd Ave.. Maywood. Ill. 


Explositon-Proof Motor 


Totally inclosed and explosion-proof, 
this lightweight motor has an efhciency 
of 63 per cent. Designed for reliability 
and long service under continuous opera- 
tion at full load and severe conditions of 


vibration. the motor is particularly suited 





for use on airplanes. Convenient access is 


provided to the brushes and commutator 
by means of special round inspection hole 
covers. easily removed. Flange mountings 
and splined shafts are designed to fit 
standard airplane fuel pumps. Furnished 
for either 12 or 24 volts, d.c., as specified. 


Other sizes and tvpes of explosion-proof 


notors for airplanes and other require- 
nents are also supplied. Electric spe- 
alty Co.. Stamford. Conn. 


Variable Drive Unit 


With capacities up te 80.000 in. Ib. 


torque and infinitely variable speed 


ranges of from 310 r.p.m. forward to 9 
r.p.m. this sel f- 
ontammed unit of predetermined operat- 


reverse, new compact, 


ing performance and flexible application, 
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can be used with any standard 1- to 10- 
hp. motor. Two basic units, identical in 
design except for capacity, are avail- 
able. In the larger capacities, the out- 
put shaft is and may be had 


types. 


vertical 


in either upward or downward 
The wide range of speed. controlled by 
side of the 


drive unit case. is achieved by 


a handle mounted on the 
the com- 
bined use of a standard variable-speed. 
motor-driven transmission and a_con- 
ventional speed-reducer gearing. Gears 
run in a bath of oil. A speed indicator 
is mounted on the side of the 


near the speed control handle. Remote 


case 


control also available. Mechanical Han- 
dling Systems. Inc.. 4700 Nancy Ave.. 
Detroit. Mich. 
Unbreakable Oiler 
\utomatically maintaining the prope 


oil level in ring or ball bearings and in 
gear and pump housings. this new line of 














visible automatic constant level oilers has 
unbreakable reservoirs and adjustable oil 
level. The reinforcing ribs of the reser- 
voir add strength. give streamlined ap- 
pearance and are easy to grip with the 
hands. The reservoir is attached to the 
lower casting by a threaded spout. and is 
easily removable for convenient cleaning 
and refilling. Made in 1. 2. 4. and 8 oz. 
capacities with all bottles interchange- 
able. Trico Fuse Mfg. Co.. Milwaukee, 
Wis. 







Hydraulic Valve 
This new single plunger valve for air 
or hydraulic lines has only one moving 
part. Speed control of the piston is ob- 
tained independently in either direction 
by individual exhaust outlets at each end 
of the double acting cylinder. With out 
lets and inlets in the sides. it can be serv 
iced on the job without dismounting. Con- 
Since there is no 


struction is) sturdy. 


metal-to-metal there is no lubri 


contact 





cation problem. Made in 25 stvles of 


valve control. in’ sizes from ', in. to 
11% in.. inclusive. C. B. Hunt & Son. 1915 


KE. State St.. Salem. Ohio. 


Non-Metallic Bearings 


Molded under high pressure to produce 


a bearing surface that approaches the 
hardness of steel. but that cannot score 
journals. these improved non-metallic 


bearings contain a patented material 
known as Gatke Tuftex. The 
silient structure withstands pressures and 
shocks that reduce the life of 


bearings. Designed for 


dense, re 


metallic 


water-lubricated. 








oil-lubricated. or 


grease-lubricated ap- 
plications. these bearings are also avail- 
able in self-lubricated types. Gatke Corp., 
226 N. La Salle St.. Chicago, Il. 
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Manutacturers’ Publications 





AmMeTER Weston Electrical Instrument 
Corp.. 614 Frelinghuysen Ave., Newark, N. J. 
Bulletin A-2-B, 4 pages, 84o x11 in. The 
Weston Clamp-Ammeter is fully described in 
this publication, which illustrates, lists the 
ranges for, and gives applications of this 
Instrument, 


Avcuoraces The Rawlplug Co., Ine., 98 
Lafavette St.. New York, N. Y. Catalog 39, 


38 pages. 314x6!4 in. This profusely illus 
trated handbook has many tables and charts 
and other valuable data pertaining to the 


anchorage of bolts and screws in concrete. 


Bearincs Bound Brook Oil-Less Bearing 
Co., Bound Brook, \. J. 


8! 


Supplement 3-1-39, 


14 pages. 8'5 x 11 in. This supplement con 
tains a die-list which completes the reference 
data on “Compo” oil-retaining porous bronze 
bearings. Complete dimensions of sizes avail 


able are given. 


Beartncs Gwilliam Co., 360 Furman St.. 


Brooklyn, N.Y. Catalog No. 16, 16 pages, 


84 x 11 in. 
ball and roller bearings is set forth in this 


The complete line of Gwilliam 


catalog. which contains illustrations of the 


various types available. Dimension tables of 


the standard sizes are also included. 


Hyatt Bearings Div.. General 
Motors Sales ( Orp.. Harrison, N. ‘9 ( atalog, 
8 pages. Ox11!, in. The Hyatt roller bear 


Bi AR' NGS 


ing journal box, its description, manufacture 
and advantages are discussed in this well 
illustrated catalog, which covers all types 


of Hyatt railroad bearing equipment. 


Betting AND Packine —E. F. Houghton & 
Co.. Third. American and Somerset Sts., Phil 
adelphia. Pa. Illustrated.” 20 


This recent edition of the 


“Research, 
pages, 8! x 11 in. 
Houghton public ation is devoted to leather 
belting and packing, and contains several well 


illustrated articles concerning these items. 


Carnocoy Carboloy Co. Ine., Detroit, 
Mich. Bulletin GT-114. 8 pages, 84% x 11 in. 
This booklet contains much tabulated engi 
neering data giving detailed recommenda 
tions for cemented carbide tools, suggested 
speeds and feeds, and a method for determin 
ing power requirements. Bulletin GT-115, a 
companion publication, lists physical char 


acteristics and general use of carboloy grades. 


Ceramics American Lava Corp., Chat 
tanooga. Tenn. Bulletin 39. This new catalog 
gives more complete information, both in text 
and pictures. than ever ofered previously on 


Steatite ceramics, 


Decimal EQuivALENT Frederick Post Co., 
Box 803. Chicago, Hl. A handy method for 
plac ing the decimal equivalent chart close at 
hand in drafting, this decimal equivalent 
chart, 7'4 x 1's in. is a deealcomania trans 


fer which can be directly to a 


applied 
l-square. 


FLEXIBLE) CotupLincs Morse 
Ithaca, N. ¥. Bulletin 57, 32 pages, 844 x 11 
in. This new catalog contains complete engi 
neering data, installation and operating infor 
mation, and recommended applications for 
the entire Morse flexible coupling line. The 


Chain Co., 


booklet is well illustrated with photographs 
and dimension drawings. 


Forcincs--American Forge Div., American 
Brake Shoe & Foundry Co., 2621 South Hoyne 
Ave.. Chicago, Ill. “Judge Amforge Holds a 
Radio Quiz.” 16 pages, 544x 7% in. This 
booklet presents in an unusual way many in 
teresting facts about Upset forgings. The ap 
plication of Upset forgings in many fields is 
disc ussed., 


Gas Wet_per-—Department 7-N-20, Westing 
house Electric & Mfg. Co., East Pittsburgh, 
Pa. “Tips on Building Your Own Gas-Engine 
Welder.” 12 pages. 544 x 734 in. This booklet 
is addressed to shops desiring to build their 
own portable gas-engine welder units. It dis 
cusses construction materials, and includes 
suggestions and tables of minimum engine 
sizes for given generator ratings, as well as 
electrode sizes and welding ranges. 


Loom Morors-— Department 7-N-20, West 
inghouse Electric & Mfg. Co.. East Pitts 
burgh, Pa. Bulletin F-8484, 4 pages, 8'5 x 1] 
in. Totally inclosed loom motors of 15 to 2 


hip. are des ribed In this new booklet. These 


motors are for 220-. 440-. or 550-volt powell 


supply, 60 cycles, two- and three-phase. 


\IANGANESE STEEI American Manganese 
Steel Div., Chicago Heights, Ill. “Amsco Man 
ganese Steel, The Toughest Steel Known.” 


64 pages, 81, x 1] in. 


Covering the origin, 
physical properties, and reasons for its resist 
ance to impact and abrasion, this well illus 
trated catalog includes many pages illustrat 
ing uses for manganese steel castings in in 
dustries using equipment which are exposed 
to impact and abrasion. 


Moror STARTER 
Schenectady. N. ie 


6 pages, 814 x 11 in. 


General Electric Co.. 
Bulletin GEA-2964A4, 
This folder illustrates 
ind describes the new full voltage magnetic 
motor starter listed as CR7006-D51. 9 The 
several available forms of this starter are 
described, with dimensions. 


Prastics -E. I. du Pont de Nemours & 
Co., Inc., 626 Schuyler Ave., Arlington, N. J. 
“Du Pont Plastics Bulletin.” 4 pages, 81% x 11 
in. This new publication, to be published 
regularly, is designed to present news of 
latest 


plasties. 


developments and = applications — of 
Successive issues of the bulletin will 
increase the accumulation of helpful data im 


portant to users of plastics. 


PyROMETERS— Foxboro Co., Foxboro, Mass. 
Bulletin 773, 4 pages, 8'44x11 in. Many types 
of Foxboro pyrometers and resistance thet 
mometers are illustrated and described in this 
folder, which covers the most familiar instru 
ments in the Foxboro line. 


Rotary Converter Janette Mig. Co.. 
556-558 W. Monroe St., Chicago. Hl. Bulle 
tin 13-1, 4 pages, 845 x11 in. 

wiring diagrams and the performance chara 
teristics of rotary converters for converting 
direct current to alternating current for use 
with radios, public address systems, X-ray 
similar 


cluded in this folder. 


machines and equipment, are in 


Dimensions, 





SOLENOID VALVE Hoppe Engine a ( 
Indianapolis, Ind. Bulletin D2, 2 pa 814 x 
11 in. The Type D solenoid valve se in 
fluid lines is illustrated and describe jin this 
bulletin, which also lists the Ss an 


dimensions. 


Speed Repucers Janette Mfg. ( \.. 556 
558 W. Monroe St., Chicago, I 
22-11, 344x6', in. The various 
Janette motorized speed reducers, w] 
19 available in 43. differ sizes 
are illustrated and described in 


there are 


STEEI LaSalle Steel Co... Ch . 
Booklet 50. 8 pages, 81, x it in. S sspro 
No. 1 and 2 steels, their applicatio 1 bolts 
studs, spindles, shafts, pins, and gears, 
discussed in this well illustrated book 

STEEI Joseph T. Rverson & Son. c.. 16 


and Rockwell Sts., Chicago, Il. Catalog \ 
2, 240 pages, 5x 814 in. The new product 


and sizes recently added to the Ryerson stock 


of certified steels are included in this deta 
stock list. Weights, lengths, cutting data 
other pertinent information are given 


catalog is thumb-tabbed for quick referer 


TEMPERATURE Detecror— Leeds & Nor 
rup Co., 4911 Stenton Ave., Philadelphia, P 
Folder N33B(2), 6 pages, 7 


description of Rayotube and 


us X 10 : I \ 
pictures show 
ne some of its uses in heat-treat, forge-sl 


steel mills, cement and lime plants, and fa 


tories. are contained in this well istrate 
hooklet. 


THERMOGUARD —Westinghouse — Electr 


Mig. Co. East Pittsburgh, Pa. Book 
F-8490, 4 pages, 8144 x 11 in. Thermogua 
a device which makes a motor complete 


self protective, is described in this we 
trated folder. which sets forth the three ty 


available to meet every need. 


Allis-Chalmers \I 
Bulletin B6007. 2. page 
This bulletin describes small 


TRANSFORMERS 
Milwaukee, Wis. 


81, x 11 in. 


transformers for serving electric tools, 
ances and lights requiring 120 vy. from a4 
v. supply line. 


V-Betts.-Manhattan Rubber Mig. D 
Passaic, N. J. Engineering data book, t! 


x ll in. The first part 
this eatalog covers standard drives ¢ 


edition, 60 pages, 814 
nating the necessity of working out calcu 
tions, and the second part gives sheave ! 
tors for designing new or special drives 
also contains belt} comparison tables 
other general information. 

Vart-Speep Controits— Columbia Vat 
Speed Co., Wheaton, Hl. Catalog JFS-Jr. 
8'44x11 in. The Columb JFSJ 
vari-speed control is described in this cata 


pages, 


which includes much useful engineering da 


Typical applications are also illu-trated 


Worm Gears—-De Laval Steam Tur! 
Co., Trenton, N. J. Leaflet E-1175, 16 paz 
8lox11 in. This publication presents Drie! 
the advantages of worm gears in transmit 
power, and contains many pages ust 
tions of applications of worm gears 


industry. 


WrinkLE FinisH—New Wri , | 
Mutual Home Bldg., Dayton, O 
Wrinkles in Finishing,” 8 pages, © 2 * I 


Several articles covering wrinkle shes 4 
their application are contained i Is DOM 
let. which is a periodical public n. 
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Helical Spring Tables—I 


HEREAS gears and worm gears. 
V-belt 


ball and roller bearings. 


chain drives. belt and 
drives. 
1 be selected from catalogs. tables or 
arts. helical springs are so varied in 
“ize and design that it is out of the ques- 
n to catalog a sufficient number of 
rings to take care of the majority of 
juirements. Long. tedious calculations 
e generally necessary. 
While it is quite in order to devote con- 


jiderable time to the design of a spring 


lich is to be made in large quantities. 
intold number of hours spent on the 
ileulation of springs produced in small 


] 


tscould be used to much better advan- 


} 


ve if it were possible to just “look up” 


This cannot be done with present tables 
rchart-. Let us consider. for instance. 
‘design of a spring with reciprocating 
tion and with a given load at the 
iimum working length and a specified 
\fter making a 
ntative selection of a certain O.D. and 


king stroke or range. 


re size which yields the spring load and 


leflection per coil at a nominal stress 


ilue. it is necessary to carry the caleula- 


m through. at least roughly. in order to 
ind out what the working length and 
ree length will be. and whether the load 


rease during the working stroke is of 
reasonable 


proportions, or whether the 
‘tress range is not too large in relation to 
maximum stress. Usually the first 
= not satisfactory. so that the 
rocedure must be repeated until all re- 


lirements are met. The calculation is 


] + 
selectiol 


specially cumbersome. if the spring has 
‘0 ht into either a limited or a definite 
‘pace. or when it is necessary to use two 
‘prings. one inside the other. 

The 1 
th the cut-and-try 
aleulation by 
‘ystemat 


thod described here does away 
process of spring 
providing a direct and 
approach, with the aid of new 


‘pring tales which eliminate calculations 
most entirely. Of further help are six 
‘Pring seleetion forms to follow in latet 
ay { Product Engineering which 
iting 


procedure of selecting com 
ression 


rings of various types. 


Becau of the large amount of space 
“quired ‘0 fully present this method. 
omplet: with tables. outline of pro- 
edure selecting various types of heli- 
\ugust. 1939 
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cal Compression springs. methods of eal- 
culating the tables. and general consider- 
ations. it will be 
this article over a 


necessary to continue 
period of afew 
months. 

Investigations of the physical prop 
erties of various grades of spring. steel 
have shown that wire of small size can 
safely be subjected to much higher tor 
sional stresses than heavy wire. Further 
more, the maximum allowable stress 
for a spring under static load will aot 
he safe for a spring which is reciprocated 
rapidly. For this reason. the stresse: 
used in spring calculations should vary 
according to wire size and operating con 
Therefore. in table B the saf: 
load and deflection per coil for each 


ditions. 


listed combination of outside diameter 
and wire size have been computed for 
three different stresses. a low. medium 
and high value. and these three values 
range higher for small wire diameters. 
lower for medium wire sizes. and_ still 
lower for heavy wire. In addition to the 
operating other 
factors upon which the choice of the 


conditions. there are 


stress group depends. 
Selection of Stress Group 


In Table A a guide is presented from 
which the proper stress group can be se- 
lected. In this table are shown a numbet 
of spring wire materials. as well as the 
stress groups recommended for the vari- 
ous materials and for different types of 
loading and different load increase factors 
i. Since the stresses used in Table B are 
limited to three values for each wire size. 
the stresses according to Table A com- 
pare only approximately with modern 
stress recommendations and are usually 
somewhat on the conservative side. But 
for the general run of springs. the choice 
of stresses is quite sufficient. 

The load increase factor 7 referred to 
in Table A is equal to 

load at minimum working length 
load at maximum working length 

Its choice depends on the requirements 
of the mechanism of which the spring is 
a part. Usually the load at the maximum 
working length is the basic load. and a 
large load increase during the working 
stroke is not desirable. But the smaller 


the load increase factor. the larger will Jn 
the required spring. Good average values 
for @ are 1.33 to 1.50. However. if. the 
spring has to provide a larger accelerat 
ing force in the first part of the expanding 
stroke. a large value for 7 is in order. 

\ list of the 


B is viven here. They were choser 


stresses used in table 


after a survey of the available literature 


and of leading spring manufacturers’ 
recommendations and are principally in 
tended for the general run of springs 
such as are used in machine tools. fix 
tures. general machinery. testing appa 
ratus., shop equipment and so forth. For 


springs made it 


lan ce volume. somewhat 


higher stresses are used sometimes. but 
the design of such springs often involve- 
extensive research and testing for surg 
and fatigue and frequently ealls fon 


special spring steel. 
Calculation of Table B 
The safe loads and deflections per coll 


on Table B were obtained from the gen 


erally accepted formulas 


I ith 
64P 
and 2 
Gd 
where 
r safe load in Ib. 
d wire diameter in in. 
Ss torsional stress in Ib. per sq.in 
? mean radius of coils in in. 
f deflection per coil in in. 
G torsional modulus 


while & is a correction factor de velope i 
by Dr. A. M. Wahl of the Westinghouse 
Electric & Manufacturing Company. 
4 I 
4 } 


QO O15 
where 


a 


\ torsional modulus of 11.500.000 was 
used in these caleulations. Hot rolled 
wire over Yo in. diameter and_ stainless 
steel have a lower modulus. so that a 
modification of the load P is required. 

Since the deflections per coil on Table 
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B are used with little or no change when 
selecting a spring according to directions. 
it was possible to establish the lead of 
the coils and include it in the table. as 
follows: 


where 
L lead of coils in in. 
d wire diametet 
deflection pel coil 
( clearance between coils at load P 


It is customary to make C approxi- 
mately 10 per cent of the wire diameter. 
While this amount is suitable for many 
springs. it is not sufficient for 


index 2rd. In such a 


springs 
having a large 
case. / is often five times as large as d. so 
that with ¢ 1/10 d, C will be 1/50 f. 
This means that a spring with a total de- 
flection of 1 in.. for instance. would close 
up solid after 0.02 in. of additional mo- 
tion. or if the solid length were 0.02 in. 
over the normal size, or if accumulated 
errors in the mechanism of which the 
spring is a member would add up to 0.02 
in. Evidently such a coil clearance is too 
small. For this reason the values C. used 
to find the table values L, normally were 
made to equal 10 per cent of the large) 
of the two values d and f. 
The values for ZL thus 
rounded off slightly for springs having a 


found were 


but for 
wire sizes of 14 in. and smaller they were 


wire diameter larger than 14 in.. 


modified so as to obtain a number of coils 
per in. n 1 L. that is obtainable on 
spring winding machines as well as on 
standard lathes. 

Another feature of Table B is that fon 
every listed O.D. and wire size. the inside 
diameter (1.D.) is given. This is an aid in 
selecting a spring to fit around a_ pin. 
plunger, or shaft. 

Table B= cor- 
respond to the Washburn & Moen gages 


The wire diameters on 


which are in general use for round spring 
steel wire. Since various number gages 
are in use for other materials, it is best to 
give the size in decimals. Also included 
are some generally-used fractional sizes. 


Ratio of the Spring 


Next. spring Table B shows a value R 
for every spring in each stress group. This 
value is referred to as the ratio of the 
spring. because it expresses the ratio be- 
tween the active free length and the total 
deflection. It has other uses. The value 
R—1. for instance, is the ratio between 
the minimum working length and the total 
deflection. as shown below. Again. it saves 
much time when selecting a spring which 
is to have a specified scale per in. or load 
rate. The definite relation between the 


ratio. deflection per coil and lead of coils, 
is in the following: 


Let 
l active free length 
D total deflection 
\ number of active coils 
t deflection per coil 
L lead of coils 
R ratio of spring 


then we have. by definition 


{ 


R D 3 
but / VL and D Vi 
-o that 

ba > ; 


When the number of coils per in. n 
l 


n 


is given. where L . Equation (4) 


will change to 


Equations (4) and (5) were used to 
compute the table values R. When R is 
computed from the table values f and 1 
diffe 


slightly from the table value R because an 


or on. the figure obtained) may 


additional decimal place was used in the 
values from which R was calculated. 


Stresses Used in Computing 


Table B 








Wirt Stress Groups 
DIAMETER Low Medium High 
Up to 2 in 60.000 75.000 90.000 


0.1055 in to 


0.2253 in 95.000 67.500 BL.000 





0.2437 in to 

9g in 50.000 60.000 72.000 

Furthermore. with 

l active minimum working length, 
we have 

/ D if 

Phe value for /.. according to Equation 
(3). is 

l DR (6) 

By substituting this value in the form- 
ula above. we get 

RD D hi 


and. solving for D 


D = ‘ 
R-1 


Thus. with the total deflection D prede- 
termined, the active free length /, of the 





spring can be found according t Equa 


tion (6). immediately after a spring js 
picked from Table B which shows th, 
value R, in addition to the O.D. sis. wiry 
size. load and coils per in. It inay pe 


noted that by finding the O.D. and active 
free length simultaneously. it is now pos 
sible to select the most suitable propor 
tions of the spring at the first attempt. 
In case a spring with reciprocating 
motion has to have a specified m nimum 
working length, the total deflection and 
thus the free length can be predetermined 
as shown before. so that now R is found 
from Equation (3) and will serve as a key 
for selecting a spring (from Table B 
that will fit into the given space. (Con 
pare spring selection forms Nos. 4 and 5 
When the outside diameter of a spring 
Is specified, the choice ot table loads 
limited. so that occasionally the difference: 
hetween the required load and the next 
higher table load is too great. In such a 
case. the table load can be reduced to the 
exact value desired. if the table ratio R 
modified accordingly and then used 


isual manner. 


let P table load 
P required load 
R table ratio 
R modified ratio 
deflection per coil at /’ 
deflection per coil at P 
l lead of coils 


Phen we have from Equation 


L ] 
/ - ind PR 
Multiplying both sides of these equ 
tions by P and P respectively, we cet 
P Pp 
ar — Land RiP 


Phe right sides of both equations 4 
equal. so that the left sides must also } 
equal. Thus 


R,P RP 
And. solving for R 


R R i 
‘ ‘ P 
According to Equation (8). the tab 


values R and P may be changed as lon: 


as the new values R, and P, wh 
plied by each other. will) produce t 
same answer as obtained when multip! 
ing the table values R and P by ea 
other. However. P : 
and. therefore. R, should not be small 
than R, so as to maintain proper ¢ 
clearance. Since RP is constant 10T 


should not xceed [ 


given spring, this product may |¢ calle 
the load constant. It is used sevelé 
spring calculations and could } ive be 
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computer 
Table B. 
to keep 
crowded. 

Equati 


modified 


1 for each spring and given in 
These constants were omitted. 
this table from becoming too 


on (9) shows how to obtain the 
ratio R, when table load P is 


reduced to P. 


When 
scale pel 
again se 


a spring has to have a definite 
- in. or rate of load, the ratio R 
rves to simplify the spring de- 


sign. Below a formula is developed which 


applies t 
Let P 
P 

R 

R 

l, 

D 

p 


o such cases. 
required maximum lead 
table load 
table ratio 
, = ratio at required load P 
= active free length 
= total deflection 
— required scale per n. 


Now we have. by definition 


So that 


\ccording to Equation 


P 
Pp D 10 
P 


D = — M1 


we fave 


Inserting this value for D in Equation 
(10) and solving for /.. we get 


P R 
But. from Equation (8). P.R PR, 
so that 
PR 
l 12 
p 


Now the total deflection D can be ob- 
tained from Equation (11) and the active 
free length from Equation (12). Note 
that R, drops out and is not used in the 
selection of a spring which has a definite 
scale per in. 

W hen the required O.D. is not listed 
in Table B, use the following method to 
find P, R and number of coils per in. o1 
lead of coils. 

1. Interpolate P and f from the springs 
of the same wire diameter and of the next 
lower and higher O.D. sizes. Note that P 
decreases and f increases as the O.D. gets 
larger. 

2. Find lead L of the coils as follows: 

L f+td+cC 
making C equal to 10 per cent of the 


>» from the lead L. as follows 


] 


7 
Li 


and round off n to the next lower of these 
values used in Table B. Rounding off to 
the next higher value is permissible if, in 
checking back, C is found not to be less 
than 745 per cent of the larger of the 
two values f and d. 

3. Find R from f and n by the first 
formula below and, if n is not used. from 
f and L by the second formula. 

] L 
R - or R 
nf f 

Occasionally a spring requires a very 
light load and, at the same time, a large 
O.D. In this case, the table load of any 
spring in this O.D. group will be too 
high. Therefore, reduce the table load 
and find the modified ratio. When the 
space available for the working length is 
limited, the load of the coils may be re- 
duced, since the deflection per coil f is 
now smaller. The smaller load and the 
new value R is then found as in the previ- 
ous paragraph, after / has been reduced 











D larger of the two values. f and d. When in the same proportion as the load P. 
hi required, find the number of coils per in. (Continued on next page) 
4a —~ . ‘ . 
Table A—Stress Groups for Helical Springs 
Rapip RECIPROCATING 
_ Morion with 
—_ | VARIABLE WorKING 
NFRE- STROKE So THAT Max Rapip Recrrocation 
QUENT Loap Is ApPpROACHED 
, Wirt APPLICA- | ONLY OCCASIONALLY 
IATERIAI DIAMETER rions | ALSO SLOW 
OR RECIPROCATION 
STATIC 
Loap Loap INcREASI | ; : 
FACTOR i Loap NCREASI | ACTOR, L 
Up Tol.5) Over 1.5 Up To 1.33 1.4 i.5 1.667 1.8 z 
Music w ire Small High High High High High High High High High 
SIZES | 
“arbon steel pretempered Medium High Medium = Low Medium Medium Medium Low Low Low 
sizes 
Hot rolled steel quenched Larger Viedium Viedium Low Medium Low Low Low 
and ten: pered after coiling) sizes 
Carbon steel hard drawn | Medium Low Low Low 
SIZeS 
Special hate e ; : : . : : : , ’ ; as 
peclal high grade valve) Medium High High High High High High High High 
‘pring Wire pretempered| sizes 
SS 7 ‘ n - = = _ = 
ainles- steel... |. Medium Low Low . Low 
& larger 
sizes 
Ch apes : : ” oS ma ‘ ' ; . ; ” 
_— Vanadium steel) Medium High High High High High High Viedium Medium Medium 
Wire enched and tem- & larger 
Pered after coiling sizes 
eee... 
Augus; 1939 








Table B—Selection of Springs 





Low SrrREss GROUP ViepIUM STRESS GROUP High Srress Group 





SPRING SPRING 

. D. i. BD. SprRiING | DEFL. SPRING | DEFL. SPRING 

IN. . IN. Ratio PER Ratio PER RAario 
R Com R Com R 

f B. f 

IN. IN 





OL 
O1l62 
O18 
O2O1 
023 
0258 
0286 
O3175 
O318 
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